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(57) Abstract: A chemically amplified photoresist composition comprising, (a) a compound which cures upon the action of an acid 
or a compound whose solubility is increased upon the action of an acid; and (b) as photosensitive acid donor, at least one com- 
pound of the formula la, lb, Ic, lib or lie wherein Ri is for example Ci-Csalkyl, Cj-Csocycloalkyl, Ci-Cshaloalkyl, C2-Ci2alkenyl, 
C4-C8cycloaJkenyl, C6-Ci2bicycloalkenyl, phenyl, naphthyl, anthracyl, phenanthryl, or is a heteroaryl radical; all of which are un- 
substituted or substituted; optionally some of the substituents form 5- or 6-menibered rings with further substituents on the phenyl, 
naphthyl, anthracyl, phenanthryl, or heteroaryl ring or with one of the carbon atoms of the phenyl, naphtyl, anthracyl, phenanthryl, or 
heteroaryl ring; R'l is for example Ci-Ci2a]kylene . Cs-C^ocycloalkylene, phenylene, naphtylene, diphenylene. or oxydiphenylene, 
wherein these radicals are unsubstituted or substituted; A and B for example are a direct bond; Ari and At2 independently of each 
other for example are phenyl, naphtyl.. anthracyl, phenanthryl, or heteroaryl, all of which are unsubsdtuted or are substituted; Ar^, 
Ar4 and Ar^ for example have one of the meanings given for Ari and Ar2; Y is for example Cs-Cs-Csocycloalkylene, phenylene, 
naphthylene. diphenylene, or oxydiphenylene. all of which are unsubstituted or substituted. 
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(54) Title: ONIUM SAUTS AND THE USE THEROF AS LATENT ACIDS 

(57) Abstract: A chemically amplified photoresist composition comprising, (a) a compound which cures upon the action of an acid 
or a compound whose solubility is increased upon the action of an acid; and (b) as photosensitive acid donor, at feast one com- 
pound of the formula la, lb, Ic. Bb or Be wherein Ri is for example d-Cjalkyl, Cs-Csocycloalkyl, Ci-CshaloalkyI, Cz-Cualkenyl, 
Ct-Cscycloalkenyi, Ce-Cnbicycloalkenyl, phenyl, naphthyl, anthracyl, phenanthryl, or is a heteroaryl radical; all of which are un- 
subslituted or substituted; optionally some of the substituents form 5- or 6-membered rings with further substituents on the phenyl, 
naphthyl, anthracyl, phenanthryl, or heteroaryl ring or with one of the carbon atoms of the phenyl, naphtyl, anthracyl, phenanthryl, or 
heteroaryl ring; R^ is for example Ci-Ci2alkylene , Cs-Cjocycloalkylene, phenylene, naphtyJene, diphenylene, or oxydiphenylene, 
wherem these radicals are unsubstimted or substituted; A and B for example are a direct bond; Ari'and Arj independenUy of each 
other for example are phenyl, naphtyl, anthracyl, phenanthryl, or heteroaryl, all of which arc unsubsiituted or are substituted; Ar3, 
Ar^ and Ars for example have one of the meaiiings given for Atj and Ari\ Y is for example Cg-Cs-Csocycloalkylene, phenylene! 
naphthylene, diphenylene, or oxydiphenylene, all of which are unsubstituied or substiniied. 
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Onium salts and the use therof as latent acids 

The invention relates to new onium salts, chemically amplified photoresist compositions 
comprising said compounds and to the use of the compounds as latent acids, which can be 
activated by irradiation with actinic electromagnetic radiation and electron beams. 

Diaryliodonium salts and triarylsulfonium salts having non-nucleophillc counter anions such 
as BF4 , PFe , AsFs'. and SbFe' are well known as suitable phptoinitiators for cationic polymerl- 

:zation-as-desGRbed,-for-examplerby J~V— Grivello-ih-Advanees-in-Pofymer^ei 

(1984). The use of such onium salts for chemically amplified photoresists is described in 
EP 102450 and Polym, Eng. Sci., 23, 1012 (1983), In EP 249139, Denwent 90-071933/10 
(JP-A-2-25850), Denrt^ent 90-221337/29 (JP-A-2-1 50848), EP 542523 and DenA^ent 93- 
.323224/41 (JP-A-5-232705) iodonitim and sulfonium salts having trifluoromethanesulfonate 
as the counter anion are described. In Derwent No. 90-071933/10 (JP-A-2-25850), Derwent 
90-221337/29 (J P-A-2- 150848), Dement 94-095255/12 (JP-A-6-43653) and Dement 96- 
323579/33 ( J P-A-6- 123972) iodonium and sulfonium salts having toluenesulfonate as the 
counter anion are disclosed. In Denwent 94-269405/33 (JP-A-6-1 99770) and Denwent 96- 
136256/14 (JP-A-8-27094) iodonium and sulfonium salts having dodecylbenzenesulfonate, 
dodecylsulfate and perfluorooctylsulfpnate anions are described. 

In the art exists a need for reactive latent acid donors that are thermally and chemically sta- 
ble and that, after being activated by light, UV-radiation, X-ray irradiation or electron beams, 
can be used as catalysts for a variety of acid-catalysed reactions, such as polycondensation 
reactions, acid-catalysed depolymerisation reactions, acid-catalysed electrophilic substitution 
reactions or the acid-catalysed removal of protecting groups. A particular need exists for la- 
tent acid catalysts, producing strong acids, having high stability and good solubility in the 
field of chemically amplified photoresists . 

Surprisingly, it has now been found that specific onium salts, as described below, are well 
soluble in ordinary resist solvents and especially suitable as catalysts for the aforementioned 
acid catalyzed reactions. Furthermore, chemically amplified photoresist compositions com- 
prising onium salts of the present invention are thermally stable -even at high bake tempera- 
tures during processing- and provide high photospeed. 
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The invention accordingly relates to a chemically amplified photoresist composition compris- 
ing, 

(a) a compound which cures upon the action of an acid or a compound whose solubility is in- 
creased upon the action of an acid; and 

(b) as photosensitive acid donor, at least one compound of the fonnula la, lb, Ic, lla, lib or lie 
. Ar— I— Ar^ Ar— I— X 1— Ar^ Ar,— I— Ar^ Ar— I— Ar^ 

9 o o o o 
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(Ha) (lib) (lie) 

wherein 

Ri is Ci-Csalkyl, or is Ca-CiaalkyI which is interrupted by one or more -O- or -(CO)-, or is 
Ca-CaocycloalkyI, or is Ca-CaocycloalkyI which is Interrupted by one or more -0-, -S-, -NRg-, 
-(CO)-, -O(CO)- or -NR6(CO)-. or is Ci-Cghaloalkyl, or is CjrCiaalkenyl, or is CA-Cacyclo- 
alkenyl, or is C6-Ci2blcycloalkenyl, 

alt of which are unsubstituted or substituted by one or more Ci-Csalkyl. Ci-Cshaloalkyl; C3- 
Caocycloalky! which optionally is intenrupted by one or more -0-, -S-, -NRg-, -(CO)-, -O(CO)- 
or -NR6(CO)-:. or are substituted by halogen, -NO2. -CN, -Are. -(CO)R2, -(CO)OR3, 
-(CO)NR4Rs. -0(C0)R2. ;0(C0)0R3. -©(CONRaRb. -NR6(C0)R2. -NR6(C0)0R3. -OR3. 
-NR4R5. -SRe, -SOR2, -SO2R2 and/or -OSOgRa; 

or Ri is phenyl, or is naphthyl, or is anthracyl or is phenanthryl, or is a heteroaryl radical, 
all of which are unsubstituted or substituted by one or more Ci-CsalkyI; Cz-CizalkyI which is 
interrupted by one or more -0-: or are substituted by Ci-Cghaloalkyl, Ca-CaocycloalkyI, halo- 
gen, -NO2, -CN, -Are, -(CO)R2, -(CO)OR3. -(CO)NR4R5, -0(C0)R2. -0(C0)0R3, 
-0(C0)NR4R5. -NR6(CO)R2. -NR6(CO)OR3, '-OR3, -NR4R5. -SRe. -SOR2, -SOgRa and/or 
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-OSO2R2; optionally the substituents -(CO)R2, -(CO)OR3, -{CO)NR4R5. -0(C0)R2, 
-0(C0)0R3, -0(C0)NR4Rs. -NR6(CO)R2..-NR6{CO)OR3, -OR3, .NR4R5. -SRe. -SOR2, .SO2R2 
and/or -OSO2R2 form 5- or S^membered rings, wa the radicals Rg, R3, R4 Rg and/or Rg, with 
further substituents on the phenyl, naphthyl. anthracyl, phenanthryl, or heteroaryl ring or with 
one of the carbon atoms of the phenyl, naphthyl, anthracyl, phenanthryl. or heteroaryl ring; 
wherein all radicals. Ri optionally additionally are substituted by a group having a -O-C-bond 
or a -O-Si-bond which cleaves upon the action of an add; 

R'l is Ci-Ciaalkylene; or is Ca-Ciaalkylene which is intemjpted by one or more C3-C30- 
cycloalk ylene, -0-. - S-. -NRe-. -(CO)-. -O(CO)-. -S(CO)-, -NReCCO)-. -S O-. -SO2- , or -OSQ ^: 
, optionally the radicals Ci-Ciaalkylene and Ca-Cizalkylene are substituted by one or more Ci- 
Cghaloalkyl. Ca-CaocycloalkyI, halogen, -NO2. -CN, -Are. -(CO)R2, -(CO)pR3. -(CO)NR4R5. 
-0(C0)R2. -0(C0)0R3, -0(CO)NR4R5. -NReCCOJRa. -NR6(CO)OR3. -OR3. -NR4R5. -SRs, 
-SOR2, -SO2R2 and/or -OSO2R2; 

or R'l is C3-C3bcycloalkylene. optionally intemjpted by one or more -0-. -S-, -NRg-, -(CO)-, 
-O(CO)-, or -NR6(CO)-, and which is unsubstituted or substituted by one or more Ci-CsalkyI, 
CrCshaloalkyI, Ca-Caocycloalkyl. halogen. -NO2. -CN, -Are. -(CO)R2, -(CO)OR3. -(CO)NR4R5, 
-0(CO)Ra. -0(C0)0R3, -0(CO)NR4R5. -NR6(CO)R2, .NR6(CO)OR3. -OR3. -NR4R5, -SRs, 
-SOR2, -SO2R2 and/or -PSO2R2; 

or R'i Is phenylene. naphthylerie. -— <^^_c-^^^^— , diphenylene. oxydi- 

phenylene or — ^ — * ^'^^ ^^^^ radicals are unsubstituted or sub- 

stituted by one or more Ci-Csalkyl. Ci-Cshaloalkyl. Cg-Caodycloalkyl; halogen. -NO2. -CN. - 
Are. -(CO)R2. -(CO)OR3. -(CO)NR4R5. -0(C0)R2. -0(C0)0R3. -0(CO)NR4R5. -NR6(CO)R2, 
-NR6(CO)OR3. -OR3. -NR4R5. -SRe. -SOR2, -SO2R2 and/or -OSO2R2; 

orRMs "^^^^—A-B-A-H^^^^ or ^^}^^^^^a-B— 

A is a direct bond, -0-. -S-. -NRg-, -0(C0)-. -S(CO)-. -NR6(CO)-. -SO-, -SO2- or -OSO2-; 
B is a direct bond. Ci-Ci2alkylene or CrCigalkylene which is intenxipted by one or more 
-0-, -S-, -NRg-. -O(CO)-. -S(CO)-. .NR6(CO)-. -SO-, -SOg- or -OSOz-, and optionally the 
radicals Ci-Ciaalkylene and Ca-dgalkylene are substituted by one or more Ci-Csalkyl. Ci-Cs- 
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haloalkyl, Cg-Caocycloalkyl, halogen, -NO2, -CN, -Are, -(CO)R2, -(CO)OR3, -(CO)NR4R5, 
-0(C0)R2. -0(C0)0R3, -0(CO)NR4R5. -NR6(CO)R2, -NR6(CO)OR3. -OR3. -NR4R5. -SR^, 
-SOR2, -SOsRa and/or -OSO2R2; 

R2 is phenyl, or is Cg-Caocycloalkyi, or is C^-Cgalkyl; or is Ca-Csalkyl which is interrupted by 
one or more -0-, or is C3-C3ocycloall<yl which is inten-upted by one or more -0-, -S-, -NR^-, 
-O(CO)-, or -NR6(CO)-; 

all of which are unsubstituted or substituted by phenyl, OH, C^-Cgalkyl, C,-Cshaloalkyl, C3- 
Csocycloalkyl, halogen, -NO2, -CN, C^-C^alkoxy, phenoxy, phenoxycarbonyl, phenylthio, 

.... _ phenylthlocarbpnyl,.- . .-NR4R5,- .-C,r.C4alkylthio, C2'C4alkoxycarbonyl, — G2-G4haloalkanoyl. 

halobenzoyi, C^-C^alkylsulfonyl, phenylsulfonyl, (4-methylphenyl)sulfonyl, C,-C^alkyl- 
sulfonyloxy, phenylsulfonyloxy, (4-methylphenyl)sulforiyloxy and/or by C^-C^alkanoyl; 
or Rj Is hydrogen; 

R3 is phenyl, or is Cg-Csocycloalkyl, or is C^-Cgalkyl; or is C2-C5alkyl which is interrupted by 

one or more -0-; or is Cs-CaocycloalkyI which is intenupted by one or more -0-, -S-, -NRg-, 

-O(CO)-, or -NR6(CO)-; or is Ca-CiaalkanoyI, or is benzoyl, or is Ci-Ciaalkylsulfonyl, 

all of which are unsubstituted or substituted by phenyl, OH, C^-Cgalkyl, Ci-Cshaloalkyl, C3- 

CaocycloalkyI, halogen, -NO2, -CN, C^-C^alkoxy, phenoxy, phenoxycarbonyl, phenylthio, 

phenylthiocarbonyl, -NR4R5. Ci-C4alkylthio, C2-C4alkoxycarbonyl, C2-C4haloalkanoyl. 

halobenzoyi, C^-C^alkylsulfonyl, phenylsulfonyl, (4-methylphenyl)suifohyl, C^-C^alkyl- 

sulfonyloxy, phenylsulfonyloxy, (4-methylphenyl)sutfonyloxy and/or by C^-C^alkanoyl; 

or R3 is hydrogen, phenylsulfonyl, (4-methylphenyl)sulfonyl, naphthylsulfonyl, anthracyl- 

sulfonyl or phenanthrylsulfonyl; 

R4, R5 and Re independently of each other are phenyl, or are QrCsocycloalkyl, or are C^-Cg- 
alkyl; or are C2-C5alkyl which is interrupted by one or more -0-; or are Cs-CaocycloalkyI which 
is internjpted by one or more -0-, -S-, -NRg-, -O(CO)-, or -NReCCO)-; or are C2-Ci8alkanoyl, 
or are benzoyl, or are Ci-Cisalkylsulfonyl, 

all of which are unsubstituted or substituted by phenyl, OH, C,-Cgalkyl, CrCshaloalkyl, C3- 
Csocycloalkyl, halogen, -NO2, -CN, C^-C^alkoxy, phenoxy, phenoxycarbonyl, phenylthio, 
phenylthiocarbonyl, Ci-C4alkylthio, C2-C4alkoxycarbonyl, C2-C4haloalkanoyl, halobenzoyi, 
C^-C^alkylsulfonyl, phenylsulfonyl, (4-methylphenyl)sulfonyl, C^-C^alkylsulfonyloxy, phenyl- 
sulfonyloxy, (4-methyiphenyl)sulfonyloxy and/or by Ci-C^alkanoyl; 

o"" ^A> Rs ^""^ independently of each otiner are hydrogen, phenylsulfonyl, (4-methyl- 
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phenyl)sulfonyl, naphthylsutfonyl, anthracylsulfonyl or phenanthrylsulfonyl; 

or R4 and Rg, together with the nitrogen atom to which they are attached, form a 5-, 6- or 7- 

membered ring which optionally is interrupted by -O- or by -NRg-; 

Ari and Ars independently of each other are phenyl, or are naphthyl, or are anthracyl, or are 
phenanthryl, or are heteroaryl, 

all of which are unsubstituted or are substituted by one or more Ci-Ci2alkyl, Ci-CshaloalkyI, 
C3-C3ocycioalkyl; Ca-CaocycloalkyI which is interrupted by one or more -0-, -NRg-, 
-O(CO)-, or -NR6(CO)-; or are substituted by halogen, -NO2, -CN, -Are, -(CO)R2, -(CQ)OR3, 

-NR4R5, -SRe, -SOR2, -SO2R2 and/or -OSO2R2, optionally the substituents -(CO)R2, 
-(CO)OR3. -(CO)NR4R5, -0(C0)R2, -0(C0)0R3, -0(CO)NR4R5, -NR6(CO)R2, -NR6(CO)OR3, 
-OR3, -NR4R5, -SRe. -SOR2, -SO2R2 and/or -OSO2R2 form 5- or 6-membered rings, via the 
-radicals R2, R3, R4 Rs and/or Re, with further substituents on the phenyl, naphthyl, anthracyl, 
phenanthryl, or heteroaryl ring or with one of the carbon atoms of the phenyl, naphthyl, an- 
thracyl, phenanthryl, or heteroaryl ring; 

or Ari and Ar2, if appropriate together with CrC2alkylene, -0-, -NRe-, or -(CO)-, form a 

fused ring; 

wherein all radicals Ari and Ar2 optionally additionally are substituted by a group having a 
-O-C-bond or a -O-Si-bond which cleaves upon the action of an acid; 
Ars, Ar4 and Ars have one of the meanings given for Ari and Ar2 or are 

or Ar3, Ar4 and Arg independently of each other are Ci-Ci2alkyl; or are C2-Ci2alkyl which is in- 
terrupted by one or more -0-; or are CrCghaloalkyl; or are Cs-CaocycloalkyI which optionally 
is internjpted by one or more -0-, -NRg-, -O(CO)-, -or -NR6(CO)-; 

all of which are unsubstituted or substituted by one or more CrCi2alkyl, CrCshaloalkyI, C3- 
Cgocycloalkyl, halogen, -NO2, -CN, -Are, -(CO)R2, -(CO)OR3, -(CO)NR4R5. -0(C0)R2, 
-0(C0)0R3, -0(CO)NR4R5, -NR6(CO)R2,.-NR€(CO)OR3, -OR3, -NR4R5, -SRe, -iSORa, -SO2R2 
and/or -OSO2R2; 

or Ar3 and Ar4, if appropriate together with Ci-C2alkylene, -0-, -S-, -NRe-, -(CO)-, form a 
fused ring; 

or Ara and Ar4, if appropriate together with CrC2alkylene, -0-, -S-, -NRe-, -(CO)-, form a 5-, 
6-, or 7-membered ring; n 

wherein all radicals Ar3, Ar4 and Ars optionally additionally are substituted by a group having 

a -O-C-bond or a -O-Si-bond which cleaves upon the action of an acid; 

Are is phenyl, or is naphthyl, or is anthracyl, or is phenarithryl or is heteroaryl, 
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ait of which are unsubstituted or substituted by one or more C1-C5 alicyl; Ca-Ciaaikyi which is 
interrupted by one or more -0-; or by Ci-Cshaloalkyl, Ca-CsocycloalkyI, halogen, -NO2, -CN, 
phenyl, . -(CO)R2, -(CO)OR3, -(CO)NR4R5. -0(C0)R2, -0(C0)0R3, -0(CO)NR4R5. 
-NR6(CO)R2, -NR6(CO)OR3. -ORg, -NR4R5, -SRe, -SOR2, -SOgR? and/or -OSOsRa, optionally 
the substituents -(CO)R2, -(CO)OR3, -(CO)NR4R5, -0(CO)Ra. -0(CO)OI^, -0(CO)NR4R5, 
-NR6(CO)R2. -NR6(CO)OR3. -OR3, -NR4RS, -SRs, -SOR2, -SO2R2 and/or -OSO2R2 form 5- or 
6-membered rings, via the radicals R2, R3, R4 R5 and/or Re, with further substituents on the 
phenyl, naphthyl, anthracyl, phenanthryl or heteroaryl ring or with one of the carbon atoms of 
the phenyl, naphthyl, anthracyl, phenanthryl or heteroaryl ring; 

X Is phenylene, or Is naphthylene, .or is . , — ^^3~^"5"<f~^>— , or is diphenylene, or 
is oxydiphenylene or is 

all of which are unsubstituted or sut^^tut^ by one or more Ci-Csaikyt. Ci-Cshaloallcyl, C3- 
Cgocycloallcyl, halogen. -islOa. -CN.||A4i J(CO)R2. -(CO)OR3» -(CO)NR4R6. -O(q0)R2. 
-0(C0)0R3. -0(CO)NR4R5, -NR6(C6|i|;.;-f|^6(CO)OR3, -OR3. -NR4R5. -SRc, -SOR2. -SO2R2 
and/or -OSO2R2: 'y^^f^'^-:- 

orXis ^ — A— B— A— ^ 

Y has one of the menaings given for. Xi 

or is Ci-Ci2ailcylene; or C2-Ci2al|?yien.e which is intenxipted by one or more C3- 
Caocycloalkylene, -0-, -S-, -NRg-, -(CO)-. -O(CO)-. -S(CO)-. -NReCCO)-. -SO-. -SO2-, or 
-OSO2-; wherein the CrCiaalkylene and C2-Ci2alkylene are unsubstituted or substituted by 
one or more Ci-Cshaioalkyl, qs-Caocycioalkyli halogen,. -NO2. -CN, -Are. -(CO)R2, -(CO)OR3. 
-(CO)NIR4R5. -0(C0)R2, -0(C0)0R3. -0(C0)NR4Rs, -NR6(CO)R2. -NR6{CO).OR3. -OR3. 
-NR4RS, -SRs. -SOR2, -SO2R2 and/or -OSO2R2; 

or Y is Cs-Csocycloalkylene which optionally is interrupted by one or more -0-, -S-, -NRg-, 
-(CO)-, -O(CO)-, or -NR6{CO)-, and which is unsubstituted or substituted by one or more Ci- 
Cgalkyl, Ci-Cghaloalkyl, Ca-Caocycloall^yl, halogen, -NO2. -GN, -Are. -(CO)R2, -(CO)OR3, 
-(CO)NR4R5. -0(C0)R2. -0(C0)0R3, -0(CO)NR4R5. -NR6(CO)R2. -NR6(CO)OR3. -OR3. 
-NR4RS. -SRe, -SOR2, -SO2R2 and/or -OSO2R2. 
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C,-Ci2Alkyl is linear or branched and is, for example, Ci-Cs- or Ci-Cs-aikyl. Examples are 
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, pentyl, hexyl, heptyl, 
2,4,4-trimethylpentyl, 2-ethylhexyl, octyl, nonyl, decyl, undecyl and dodecyl, preferably C,-Cs- 
alkyl, such as metfiyl, isopropyl or butyl. 

Ca-CiaAlkyl, which is interrupted once or several times by -0-, is interrupted, for example, 
from one to five times, for example from one to three times or once or tyvice, by non-succes- 
glY^-,-:!?:! Accordingly, resulting structura l units a re for example: -Q(CH2)2nn 
-0(CH2)20CH3, -0(CH2CH20)2CH2CH3. -CH2-O-CH3. -CH2CH2-O-CH2CH3, -[CH2CH2OV 
CH3. wherein y = 1-5. -(CH2CH20)5CH2CH^> -CH2-CH(CH3)-0-CH2-CHgCH3 or -CH2- 
CH(CH3)-0-CH2-CH3. .% 'vo.^f'-'- 

C3-C3oCycloalkyl is a mono- or polycycnbialfphatie^^ for example a mono-, bi- or tricyclic 
aliphatic ring, e.g. C3-C20-, Cg-Cia-, Cs-Ci^r, <^^^^ Examples of monocyclic rings 

are cyclopropyf, cyclobutyl, cyciopentyl, ityj^lbh^^ especially cyclopentyl and 

cyclohexyl. Examples of polycyclic rings are perhydroanthracyl, perhydrophenanthryl, perhy- 
dronaphthyl, perhydrofluorenyl, perhydroclirysinyi.^'p^ adamantyl, bicydo- 

[1.1.1]pentyl, bicyclo[4.2.2]decyl, bicyclo[2:2.2}0Gtyii,bicyclo[3.3.21decyl, blcyclo[4;3.2]undec- 
yl, bicyclo[4.3.3]dodecyl, bicyclo[3.3.3]utid^Gyl,'bic^clo[4,3 bicyclo[4.2.1]nonyl, bicyc- 

lo[3.3.1]nonyl, bicyclo[3.2.1]6ctyl and the fike. Also "spiro"-cycloallcyl compounds are cover- 
ed by the definition Ca-CaocycloalkyI in the present cbntext, e.g. spiro[5.2]octyl, spiro[5.4]dec- 
yl. spiro[5.5]uridecyl. More examples of polycyclic c^doalkyl groups, which are subject of the 
respective definition in the compounds of the present invention are listed in EP 878738, 
pages 11 and 12, wherein to the formulafe (1)-(46) a bond to achieve the "yf has to be 
added. The person skilled in the art is aware of this fact. 
In general, the cycloaliphatic rings may fomi repeating structural units. 

Ca-CaoCycloalkyI which is interrupted by one or more -0-, -S-. -NRg-, -0(C0)-, -SCO-, 
-NReCO-, -SO-, -SO2-, -OSOa- is a mono- or polycyclic aliphatic ring which is intenrupted by 
one or more -0-. -S-, -NRg-, -O(CO)-. -SCO-, -NReCO-. -SO-, -SO2-, -OSO2-, for example, 
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C2-Ci2Alkenyl radicals may be mono- or polyunsaturated, linear or branched and are for ex- 
ample Ca-Ce-, C2-C6- or C2-C4alkenyl. Examples are allyl, methallyl, vinyl, 1,1-dimethylallyi, 
1-butenyl, 3-butenyl, 2-butenyI, 1 ,3-pentadlenyl, 5-hexeny( or 7-octenyl, especially allyl or vi- 
nyl, . 

C4-C8Cycloalkenyl, may have one or more double bonds and is for example C4-C6-cycloal- 
kenyl or Ce-Ca-cycloalkenyl. Examples are cvi:lpbutenyl, cyclopentenyl, cyclohexenyl or cy- 
, clooctenyl, especially cyclopentenyl and cyqlb)iiex0hyl, preferably cyclohexenyl. 

Ce-CiaBicycloalkenyl refors to a bicyclic alkeftyi grpiip, which may possess one or more dou- 
ble bonds and wherein the double bonds are either situated in the same ring, but may also, 
be situated in both rings. If several double bonds are present in the bicyclus, the double 
bonds are conjugated or non-conjugated^/ preferably the double bonds are conjugated. Ex- 
amples are bicyclo[4.2.4]dodec-3,7-dierir5-yl, bipyclo[4.2.4]dodec-3-en-5-yl, bicycio[4.2.4] 
dodec-4-en-6-yl, bicyclo[4.2.3]-non-3-en-5-yl, bicyclo[4.2.3]-non-4-en-6-yl, bicyclo[4.2.3]- 
non-7-en-8-yl, bicyclo[4.2.3]-non-8-en-7-yli wherein the examples are referring to the follow- 



ing numbering 




C2-Ci2Alkyiene is linear or branched and is, for example, C2-C8- C2-C6- or C2-C4-alkylene. 
Examples are ethylene, propylene, butylene, pentylene, hexylene, heptylene, octylene, no- 
nylene, decylene, undecylene and dodecylene. Preferred is CrCaalkylene, especially Ci- 
Cealkylene, preferably Ci-C4alkylene, such as methylene or butylene. 
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Substituted phenyl carries from one to five, for example one, two or three, especially one or 
two, substituents on the phenyl ring- The substitution is preferably in the 4-, 3,4-, 3,5- or 
3,4,5-position of the phenyl ring. 

When the radicals naphthyl, phenanthryl, heteroaryl and anthracyl are substituted by one or 
more radicals, they are, for example, mono- to penta-substituted. for example mono-, di- or 
tri-substrtuted, especially mono- or di-substituted. 

VVhen Rj is a phenyl radica l subs tituted by OR3 , NR4R5 an d/or by SRs and the substituents 



OR3 , NR4R5 and/or SRe fomi 5- or 6-membered rings, via the radicals R3 , R4, R5 and/or Rg, 
with other substituents on the phenyl ring or with one of the carbon atoms of the phenyl ring, 



for. example the following stmctural units are obtained ^ Il^Jj / « C D^O^ 

cxr • r 




In the present application, the term "heteroaryl" denotes unsubstituted and substituted radi- 

, R4R5N. 

cals, for example 3-thienyl. 2-thienyl. ^^Y^s^ . « wherein R4 and 



Y 

Rs are as defined above, thianthrenyl, isobenzofuranyl, xanthenyl, phenoxanthiinyl, 

o"" ^ yj^ . wherein Y is S, O or NRg and is as defined above. Examples thereof are py- 
razolyl, thiazolyl, oxazolyl, isothiazolyl or Isoxazolyl. Also included are, for example, furyl, 

pyrrolyl, 1 ,2,4-tria2olyl, N or 5-membered ring heterocycles having a fused-on aro- 

matic group, for example benzimidazolyl, benzothienyl, benzofuranyl, benzoxazolyl and ben- 
zothiazolyl. 
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Other examples of "heteroaryls" are pyridyl, especially 3-pyrlclyl, jT J , wherein R3 

is as defined above, pyrimidinyl. pyraanyl, 1 ,3.5-triazinyl, 2,4-. 2,2- or 2,3-diazinyl, indolizinyl, 
isolndolyl, indolyl, indazolyl, purinyl, isoquinolyl. quinolyl, phenoxazinyl or phenazinyt. In this 
application, the temn "heteroaryr also denotes the radicals thioxanthyl. xanthyl, 



[^°}^JrC IC JL ' t^*"'*'^ tc iT JL ' wherein m is 0 or 1 and R3 , R4, R5 



o o o o 



are as defined above, ^C^jT^ or anthraqulnonyl. Each of the heteroaryls may carry 

ON 

the substituents indicated above or in claim 1 . 

Ci-C4Alkanoyl Is, for example, fomnyl, acetyl, propionyl or butanpy^^spedafly aceifyl.v. 

Ci-C4Alkoxy is, for example, methoxy, ethoxy, propoxy and butoxy, it being possible for the 
alkyi radicals in alkoxy groups having more than two carbon atoms also tb be branched. 

.Pi-C4AlkyIthio is for example, methylthio, ethylthio, propylthio and butylthio. jt. being possible 
for the alkyI radicals in alkylthio groups having more than two carbpaatorris also to be bran- 
ched. 

C2-C4Alkoxycarbonyl is (Ci-C3aIkyl)-0-G(0)-, wherein Ci-CaalkyI is as defined above up to 
the ^propriate nurnber of carbon atoms. Examples are methoxycarbonyl, ethoxycarbonyl or 
propoxycarbonyl, it being possible for the alkyI radicals in alkoxy groups having more than 
two carbon atoms also to be branched. 

Ci-C4Haloalkyl is Ci-C4-alkyl mono- or poly-substituted by halogen, Ci-C4-alkyl being, for 
example, as defined above. There are, for example, from one to three or one or two halogen 
substituents at the alkyI radical. Examples are chloromethyl, trichloromethyl, trifluoromethyl 
or 2-bromopropyl, especially trifluoromethyl or trichloromethyl. 

C2-C4Haloalkanoyl is (Ci-C3haloalkyl)-C(0)-, wherein Ci-CahaloalkyI is as defined above up 
to the appropriate number of carbon atoms. Examples are chloroacetyl, trichloroacetyl, tri- 
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fluoroacetyl, pentafluoropropionyl dr 2-bromopropionyl, especially trifluoroacetyl or tri- 
chloroacetyl. . . 

HalobenzoyI Is benzoyl which Is mono- or poly-substltuted by halogen and/or Ci-Cshaloalkyl , 
Ci-C4-haloalkyl being as defined above. Examples are pentafluorobenzoyi, trichlorobenzoyi, 
trifluoromethylbenzoyi, especially pentafluorobenzoyi. 

Halogen is fluorine, chlorine, bromine or iodine, especially chlorine or fluorine, preferably 
fluorine . 

Oxydlphenylene is ^^^^"^^ o -^~S 



When R4 and R5 together with the nitrogen, atom to which they are bonded fomi a 5-, 6- or 7- 
membered ring that may be interrupted by -O- or by -NRg -. for example the following stnjc- 

tures are obtained , ^ , f ^ ' o"" 

• I T .1 ' 



The definitions Ci-C4allcylsulfonyl, phenylsulfbnyl. (4-methylphenyl)sulfonyl refer to the corre- 
sponding radicals Ci-C4alkyl, phenyl and 4-methyiphenyl. as described in detail above, being 
linked to a sulfonyl group (-SOa-). 

The definitions Ci-C4alkylsulfonylo)c/, phenylsulfonyloxy, (4-methylphenyl)sulfonyloxy refer to 
the con-esponding radicals Ci-C4alkyl. phenyl and 4-methylphenyl (R), as described in. detail ' 

o 

above, being linked to a sulfonyloxy group r-s-o— 

o 



Groups having a -O-C-bond or a -O-SI-bond which cleaves upon the action of an add, and 
being substituents of the radical R, are acid cleavabte groups which increase the solubility of 
the compounds of fonnula la. Ila, lb. lib, Ic or lie in the alkaline developer after reaction with 
an acid. This effect is for example described in US 4883740. 

Examples of groups suitable as substitutents on the radical Ri are for example known ortho- 
esters, trityl and benzyl groups, tert.-butyl esters of carboxyllc acids, tert.-butyl carbonates of 
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phenols or siiyi ethers of phenols, e.g. -OSiCCHaja. — C— C— 0-C(CH3)3 



pendently of one another are hydrogen, Ci-CsalkyI, Ca-Cs-cycloalkyI, phenyl-Ci-Ca-alkyI, or 
Ry and Rs together are Ca-Csalkylene, and 

Rg is unsubstituted or halogen-substitued Cr Ggalk yl, unsubstituted or halogen-substitued Cg- 

CBcycloalkyI, or phenyl-CrCa-alkyl, or, If Ry and Rq together are no Cz-Cgalkylene, R9 and Rs 
together may be Ca-Cgalkylene, which may be interrupted by an -O-atom or an -S-atom. 

The terms "and/or" or "or/and" in the claims are meant to express that not only one of the de- 
fined alternatives (substituents) may be present, but also several of the defined alternatives 
(substituents) together, namely mixtures of different alternatives (substituents). 

The tenri "at least" is meant to define one or more than one, for example one or two or three, 
preferably one or two. 

The term "optionally" used in the sense of "it is also possible that...". 

Most of the compounds of the formulae la, lb, Ic, lla, lib and lie are novel. 

The invention therefore also pertains to novel compounds of formula la, lb, Ic, lla, lib or lie 





c- 

I 



Ar^ — 1^^^ — Arg 
O 

II _ 
R^O— S— O 



R1O-S-O" R,0-S-0 

o o 



Ar, I^X 1^^ — Ar^ 



Ar, — 1^^ — Afg Ar, — 1^^ — ATj 




O 



(la) 



(lb) 



(Ic) 
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Arg— S— Arg Afg— S~Y— S— Arg ATg— S— Arg Ar— S—Arg 

O O O O O 

II - II _ II _ _ II n 

R,0-S-0 RiO-^-0 Rp-S-O O-S-O-R'-O-S-O" 

o o o o o 

(lla) (lib) . (lie) 

wherein 



- Ell — isXi=C5alkyl,-or-is-GJ2-Gi2alkyl- which- is InterruptecHDy-orte-or-pfio 
Ca-CsocycloalkyI, or is Ca-Caocycloalkyi which is Interrupted by one or more -0-, -S-, -NRg-, 
-(CO)-, -O(CO)- or -NR6(CO)-, or is C-Csha!oall<yl, or is Ca-Ciaalkenyi, or is C4-C8- 
cycloall<eny!, or is Ce-Ciabicycloalkenyr, 

all of which are unsubstituted or substituted by one or more Ci-Csalltyl, Ci-Cshaloaiicyt; C3- 
Caocycloaikyl which optionally is interrupted by one or more -6-, -S-, -NRg-, -(CO)-, -O(CO)- 
or -NR6(CO)-; or are substituted by halogen, -NO2. -CN. -Are. -(CO)R2, -(C0)OR3. 
-(CO)NR4R6. -0(C0)R2, -0(C0)0fi3, .0(CQ)NR4R5. .-NR6(CO)R2. -NR6(CO)OR3. -OR3. 
-NR4RS, -SRfi, -SORa, -SO2R2 and/or -OSO2R2; 

or Ri is phenyl, or is naphthyl, or is anthratqd or is phenanthryl, or is a heteroaryl radical, 
all of which are unsubstituted or substituted by one or more Ci-CsalkyI; Cz-Cigalkyl which is 
interrupted by one or more -0-; or afe substituted by Ci-Cghaloalltyl, Ca-CaocycloalkyI, halo- 
gen, -NOa, -ON, -Are, -(CO)R2, -(CO)OR3, -(CO)NR4Rs. -OCCOjRz, -0(C0)0R3. 
-0(CO)NR4R5. -NR6(CO)R2, -NR6(CO)OR3. -OR3. -NR4R5. -SRe. -SOR2, -SO2R2 and/or 
-OSOaRa; optionally the isubstituents -(CO)R2, -(CO)OR3. -(CO)NR4Rs, -0(C0)R2. 
-0(C0)0R3. -0(CO)NR4R5. -NR6(CO)R2. -NR6(CO)OR3. -OR3, -NR4R5, -SRe, -SOR2. -SO2R2 
and/or -OSOaRa fomri 5- or 6-membered rings, wa the radicals R2, R3, R4 R5 and/or Re, with 
further substituents on the phenyl, naphthyl. anthracyl, phenanthryl, or heteroaryl ring or with 
one of the carbon atoms of the phenyl, naphthyl, anthracyl, phenanthryl, or heteroaryl ring; 
wherein all radicals Ri optionally additionally are substituted by a group having a -O-C-bond 
or a -O-Si-bond which cleaves upon the action of an acid; 

R'l is CrCiaalkylene; or is C2-Ci2all<ylene which is interrupted by one or more C3-C30- 
cycloalkylene, -0-. -S-, -NRg-, -(CO)-. -O(CO)-, -S(CO)-. -NR6(CO)-, -SO-. -SO2-. or -OSOa-; 
optionally the radicals Ci-Ciaallq^lene and Ca-C^alkylene are substituted by one or more C,- 
Cshaloalkyl, Ca-CsoCycloalkyI, halogen, -NOs. -CN, -Are. -(CO)R2. -(CO)OR3. -(CO)NR4R5, 
-0(C0)R2, .0(C0)0R3, -0(CO)NR4R5. -NR6(CO)R2. -NR6(CO)OR3, .-OR3. -NR4R5. -SRe, 
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-SOR2, -SO2R2 and/or -OSO2R2; 

or R'l is Ca-Caocycloatkylene, optionally interrupted by one or more -0-, -S-, -NRg-, -(CO)-, 
-O(CO)-, or -NR6(CO)-, and which is unsubstituted or substituted by one or more CrCsalkyI, 
CrCshaloalkyl, Cg-Caocycloaikyl, halogen, -NO2, -CN, -Are, -(CO)R2, -(CO)OR3, -(CO)NR4R5, 
-0(C0)R2. -0(C0)0R3. -0(C0)NR4R5. -NR6(CO)R2. -NR6(CO)OR3. -OR3. -NR4R5. -SRe. 
-SOR2, -SO2R2 and/or -OSO2R2; 

or R'l is phenylene, naphthylene, ; — ^ V-cH|^ y — , diphenylene, oxydiphenylene 



or — \__y~^~\__y — • wherein these radicals are unsubstituted or substituted by 

one or more Ci-Csalkyl, Ci-Cghaloalkyl, Cs-Cgpcycloalkyl, halogen, -NO2, -CN, -Are, -(C0)R2. 
-(CO)OR3, -<C0)NR4R6, -0{C0)R2, -0(C0)0R3, -0{CO)NR4R5. -NRe(CO)R2. -NReCCOORg, 
-OR3. -NR4R5. -SRe, -SOR2, -SO2R2 and/or -OSO2R2; 




A is a direct bond, -0-. -S-, -NRg-, -O(CO)-. -S(CO)-, -NR6(CO)-, -SO-, -SO2- or -OSO2-; 
B is a direct bond, Ci-Ci2alkyiene or C2-Ci2alkylene which is interrupted by one or more 
-0-, -S-, -NRg-, -O(CO)-. -S(CO)-, -NR6(CO)-, -SO-, -SOg- or -OSO2-, and optionally the 
radicals Ci-Cizalkylene and C2-Ci2alkylene are substituted by one or more CrCsalkyI, C1-C5- 
haloalkyl, Ca-CaoCycloalkyI, halogen, -NOa, -CN, -Are. -(C0)R2, -(CO)OR3. -(CO)NR4R5, 
-0(C0)R2, -0(C0)0R3. -0(C0)NR4Rs. -NR6(CO)R2, -NR6(CO)OR3, -OR3, -NR4R5, -SRe, 
-SOR2, -SO2R2 and/or -OSO2R2; 

R2 is phenyl, or is Ca-CaocycloalkyI, or is C,-Cgalkyl; or is Ca-CsalkyI which is intermpted by 
one or more -0-, or is Ca-CsocycloalkyI which is intenrupted by one or. more -0-, -S-, -NRg-, 
-O(CO)-, or -NReCCO)-; 

all of which are unsubstituted or substituted by phenyl, OH, C^-Cgalkyl, Ci-CshaloalkyI, C3- 
Caocycloalkyl, halogen, -NO2. -CN, C^-C^alkoxy. phenoxy. phenoxycarbonyl, phenylthio, 
pheriylthiocdrbonyl, -NR4R5, Oi-C4alkylthio, C2-C4alkoxycarbonyl, C2-C4haloalkanoyl. 
halobenzoyi, Ci-C^alkylsulfonyl, phenylsulfonyl, (4-methylphenyl)sulfonyl, C,-C4alkyl- 
sulfonyloxy, phenylsulfonyloxy, (4-methylphenyl)sulfonyloxy and/or by C^-C^alkanbyl; 
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. or is hydrogen; 

Ra is plienyl. or is Ca-Cgocycioalltyl, or is C^-Cgalkyl; or is Cs-Cgalkyl which is interrupted by 
one or more -0-; or is Ca-Caocycloalicyl which is interrupted by one or more -0-, -S-, -NRg-, 
-O(CO)-, or -NR6(CO)-; or Is C2-Ciaail<anoyf, or is benzoyl, or is Ci-Ci8all<ylsu(fonyl, 
ail of wliich are unsubstituted or substituted by phenyl, OH, C^-Cgalkyl, Ci-C5haloall<yl, C3- 
C3ocycloall<yl, halogen, -NO2, -CN, C^-C^alkoxy, phenoxy, phenoxycarbonyl, phenylthio. 
phenylthiocarbonyl, -NR4R5. Ci-C4alkylthio, C2-C4alkoxycarbonyl, C2-C4haloalkanoyl, 
halobenzoyi, C^-C^alkylsulfonyl, phenylsulfonyl, (4-methylphenyl)sulfonyl, Ci-C^alkyl- 
sulfonyloxyr.phenylsulf6hyl6)^7(4-rnetnyipfie^ 

or R3 is hydrogen, phenylsulfonyl, (4-methylphenyl)sulfonyl. naphthylsulfonyl, anthracyl- 
sulfonyl or phenanthrylsuHonyl; 

R4, Rg and Re independently of each. other are phenyl, or are Ca-Caocycloalkyl, or are C,-C - 
alkyi; or arie Cg-Csalkyl which is inten-upted by one or more -0-| or are Cg-Caocycloalkyl which 
is interrupted by one or more -0-. -iS-, -NR6-; .-b(CO)-, or -NRsCCO)-; or are Cz-Cisalkanoyl, 
or are t}enzoyl, or are Ci-Cisalkylsulfonyl, " 

an of which are unsubstituted or substituted by phenyl, OH. C^-Cgalkyl, d-Cghaloalkyl, C3- 

Caocycloalkyl, halogen, -NO2, -CN, C,-C^alkoxy, phenoxy, phenoxycarbonyl, phenylthio, 

phenylthiocarbonyl, Ci-C4alkylthid, C2-C4all<oxycarbonyl, C2-C4haloalkanoyl, halobenzoyi, 

C,-C4alkylsulfonyl, phenylsulfonyl, (4'methylphenyl)sulfonyl, Ci-C^alkylsulfonyloxy, 

phenylsulfonyloxy, (4-methylpheny.l)sulfonyloxy and/or by C^-C^alkanoyl; 

or R4, R5 and Re independently of each other are hydrogen, phenylsulfonyl, (4-methyl- 

phenyl)sulfonyl, naphthylsulfonyl, anthracylsulfonyl or phenanthrylsulfonyl; 

or R4 and Rg, together with the nitrogen atom to which they are attached, form a 5-, 6- or 7- 

membered ring which optionally is interrupted by -O- or by -NRg-; 

Ar, and Ara independenfly of each other are phenyl, or are ne^hthyl, or are anthracyl, or are 
phenanthryl, or are heteroaryi, 

all of which are unsubstituted or are substituted by one or more Ci-CiaalkyI, Ci-CshaloalkyI, 
Ca-CaocycloalkyI; C3-C3ocycloalkyl which is interrupted by one or more -0-, -S-, -NRg-, 
-O(CO)-, or -NReCCO)-; or are substituted by halogen, -NO2, -CN, -Are, -(CO)R2, -(CO)OR3, 
-(CO)NR4Rs,.:-0(CO)R2, -O(C0)OR3, -0(C0)NR4Rs, -NRe(CO)R2, -NR6(CO)OR3, .OR3, 
-NR4RS, -SRe, -SOR2, -SO2R2 and/or -OSO2R2, optionally the substituents -(CO)R2, 
-(CO)OR3, -(CO)NR4Rs. -0(C0)R2. -O(CO)0R3, -0(C0)NR4Rs. -NR6(CO)R2. -NR6(CO)OR3, 
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-OR3, -NR4R5, -SRe, -SOR2, -SO2R2 and/or -OSO2R2 form 5- or S-membered rings, via the 
radicals R2, R3, R4 R5 and/or Re, with further substituents on the phenyl, naphthyi, anthracyl, 
phenahthryl, or heteroaryl ring or with one of the carbon atoms of the phenyl, naphthyi, an- 
thracyl, phenanthryl, or heteroaryl ring; 

or An and Ara, if appropriate together with CrCaalkylene, -0-, -S-, -NR^-, or -(CO)-, fomi a 
fused ring; 

wherein all radicals Ari and Ar2 optionally additionally are substituted by a group having a 

-O-C-bond or a -O-Si-bond which cleaves upon the action of an acid; 

Ar3, Ar4 and Ars have one of the meanings given for An and Ar2 or are 

or Ars. Ar4 and Ars independently of each other are CrCi2alkyl; or are C2-Ci2alkyl which Is in- 

temjpted by one or more -O-; or are Ci-CshaloalkyI; or are Cs-Caocydoalkyl which optionally 

is interrupted by one or more -0-, -S-. -NRg-, -O(CO)-, -or -NReCCO)-; 

all of which are unsubstituted or substituted by one or more Ci-Ci2alkyl, Ci-CshaloalkyI, C3- 
Cnocycioalkyl, halogen, -NO2, -CN, -Are, -(CO)R2. -(CO)OR3, -(CO)NR4R5, -0(C0)R2, 
-0{C0)0R3, -0(CO)NR4R5, -NR6{CO)R2, -NR6(CO)OR3, VOR3.. -NR4R5, -SRe. -SOR2, -SO2R2 
and/or -OSO2R2; " 

or Ars and Ar4, if appropriate together with Ci-C2alkyiene, -0-, -S-, -NRg-, -(CO)^, fomn a 

fused ring; 

or Ar3 and Ar4, if appropriate together with CrC2alkylerie, -0-, -S-, -NRe-, -(CO)-, fomn a 5-, 
6-, or 7-membered ring; 

wherein all radicals Ars, Ar4 and Ars optionally additionally are substituted by a group having 
a -O-C-bond or a -O-Si-bond which cleaves upon the action of an acid; 
Are is phenyl, or is naphthyi, or. is anthracyl, or Is phenanthryl or is heteroaryl, 
all of which are unsubstituted or substituted by one or more C1-C5 alkyi; C2-Ci2alkyl which is 
interrupted by one or more -0-; or by Ci-Cshaloalkyl, Ca-CaocycloalkyI, halogen, -NO2, -ON, 
phenyl, -(CO)R2, -(CO)OR3, -(CO)NR4R5, -0(C0)R2! -0(C0)0R3, -0(CO)NR4R5, 
-NR6(CO)R2, -NR6(CO)OR3, -OR3, -NR4R5. -SRe, -SOR2, -SO2R2 and/or -OSO2R2, optionally 
the substituents -(CO)R2, -(CO)OR3, -(CO)NR4R5, -0(C0)R2, -0(C0)0R3, -0(CO)NR4R5, 
-NR6(CO)R2, -NR6(CO)OR3. -OR3, -NR4R5, -SRe, -SOR2, -SO2R2 and/or -OSO2R2 fonn 5- or 
6-membered rings, via the radicals R2, R3, R4 R5 and/or Re. with further substituents on the 
phenyl, naphthyi, anthracyl, phenanthryl or heteroaryl ring or with one of the cartoon atoms of 
the phenyl, naphthyi, anthracyl, phenanthryl or heteroaryl ring; 

X is phenylene, or is naphthylene, or is — ^ y—cH^ y — , or is diphenylene, or 
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is oxydiphenylene or is 




ail of which are unsubstltuted or substituted by one or more d-Csalkyl, Ci-Cshaloall<yl, Cg- 
Caocycloalkyf. haJogen, -NOg. -CN, -Are. -(CO)R2, -(CO)OR3. -(CO)Ni=ltR5. -0(C0)R2. 
-0(C0)0R3. -0(CO)NR4R5. -NR6(CO)R2. -NR6(CO)OR3. -OR3, -NR4R5. -SRe. -SOR2. -SO2R2 
and/or -OSO2R2; 




Y has one of the rhenaings given for X, 

or is Ci-Ci2ail<ylene; or C2-Ci2a!lcyiene which is intemjpted by one or more C3-C30- 
cycioall<yiene. -0-. -S-, -NRe-. -(CO)-. -O(CO)-, -S(CO)-. -NReCCO)-. -SO-, -SO2-, or -OSO2-: 
wherein the Ci-Ciaalkylene and Oa-Ciaalkyfene are unsubstituted or substituted by one or 
more Ci-CshaloalkyI, C3-C3ocycloall<y|, halogen, -NO2, -CN, -Are, -(CO)R2, -(CO)OR3, 
-{CO)NR4Rs. -0(C0)R2, -0(CO)OR3. -0(CO)NR4R5. -NR6(CO)R2, -NR6(CO)OR3. -ORa. 
-NR4RS, -SRe. -SOR2, -SO2R2 and/or -OSO2R2; 

or Y is Cs-Caocycloalkylene which optioriaJly is interrupted by one or more -0-, -S-, -NR - 
-(CO)-, -O(CO)-, or -NR6(CO)-, and which is unsubstituted or substituted by orie or more Ci- 
Cgalkyl, Ci-Cghaloalkyl, Ca-CsocycioalkyI, halogen, -NO2, -CN, -Are. -(CO)R2, -(C6)OR3, 
-(CO)NR4R5. -0(C0)R2,. -0(C0)0R3, -0(C0)NR4Rs. -NR6(CO)R2. -NR6(CO)OR3. -OR3, 
-NR4R5, -SRe, -SOR2. -SOaR2 and/or -0S02R2; 
provided that 

(i) if at least one Ars, Ar4 and Ars is methyl, then Ri is not methyl, and 

(ii) if at least one Ars, Ar4 and Arg is ethyl, then Ri is not ethyl. 

Onium sulfates (of formulae la, lb, Ic, Ha. lib and lie) can generally be prepared by ion- 
exchange reaction, for example, between the desired onium (iodonium and sulfohium) chlo- 
ride, bromide, iodide, hydrogen sulfate, tetrafluoroborate, tosylate or methanesuffonate and 
the desired sulfate salts having ammonium, tetramethylammonium, sodium, lithium, potas- 
sium or silver as cation. 
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Ar^— I— Arg 
HSO^- 



9 9^3 



Ar, — 1^^ — Afg 




O CH3 



O— S— O 



Ri, An and Ara are defined as described above. 

These reactions usually are carried out in an inert solvent, for example water, methanol, 
ethanol, methylene chloride, acetone, methyl ethyl ketone, chloroform, chlorobenzene, tert- 
butyl methyl ether, di-iso-propyl ether, ethyl acetate, hexane. toluene, tetrahydrofuran (THF), 
dimethylfonrnamide (DMF) or mixture of such solvents. The combination of solvents, for ex- 
ample water and methylene chloride, affords a two phase system. Such two phase systems 
are also suitable for the ion-exchange reaction. These reactions are well known to those 
skilled in the art, and are generally canried out at temperatures in the range of 0 to 120°C, 
preferably 20 to 80°C. 

The onium salts required as starting materials can be obtained by a variety of methods de- 
scribed, for instance, by J. V. Crivello in Advances in Polymer Science 62, 1-48, (1984). For 
example, the desired iodonium salts can be prepared by coupling of two aryl compounds 
with iodyl sulfate in sulfuric acid, coupling of two aryl compounds with an iodate in acetic 
acid/acetic anhydride/sulfuric acid, coupling of two aryl compounds with iodine(lll) acylate in 
the presence of an acid, condensation of an aryl iodoso diacetate or an" aryl iodoxy com- 
pound with another aryl compound in the presence of an acid. Another example is the con- 
densation of a iodoaryl compound with another aryl compound In peroxodlsulfate/sulfuric 
acid as is described in JP-A-59-1 63330. The desired sulfonium salts can, for example, be 
prepared by reaction of an aryl compound with sulfur monochloride in the presence of chlo- 
rine and Lewis acid, reaction of an aryl Grignard reagent with a diaryl sulfoxide, condensa- 
tion of a diaryl sulfoxide with an aryl compound in the presence of an acid, or fhe reaction of 
a diaryl sulfide with a diaryliodonium salt in the presence of a copper(ll) salt. 

The sulfate salts required as starting materials can be obtained by a variety of methods de- 
scribed in standard chemistry textbooks (for instance in Comprehensive Organic Chemistry, 
Vol. 3, Pergamon, 1979), for example, the sulfation of alkenes and alcohols. Sulfuric acid, 
sulfur trioxide and Its amine and ether adducts, chlorosulfuric acid, and sulfamic acid are the 
common sulfating reagents. One of the most convinient methods is, for example the reac- 
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tion of alcohol with a sulfur trioxide/amine complex in inert solvents like DMF, THF, methyl- 
ene chloride, acetone, methyl ethyl ketone, chlorofonn, chlorobenzene, tert-butyl methyl 
ether, di-iso-propyl ether, ethyl acetate, hexane, toluene or mixtures of such solvents. These 
reactions are generally earned out.at temperatures in the range of 0 to laO'C, preferably 20 
to80»C. 

Interesting are compounds of the fomiula la, lb, Ic, lla, lib and lie, wherein 
Ari and Ar2 independently of each other are phenyl, 

which is unsubstituted or s ubstituted by one or more Ci-Ci<>alkyl, Ci-CshaloalkyI, n^C-w 
cydoalkyl; by Ca-CaocycloalkyI which is intenojpted by one or more -0-, -S-, -NRg-, -0{C0)-, 
or -NR6(CO)-; or is substituted by halogen, -NO2. -CN, -Are, -(CO)R2. -(CO)OR3, 
-(CO)NR4R5. -0(C0)R2. -0(C0)0R3, -0(GO)NR4R5, -NR4(CO)R2, -NR6(CO)OR3, -OR3, 
-NR4R5, -SRe, -SOR2, -SO2R2 and/or -OSO2R2, optionally the substituents -(CO)R2, 
-(CO)OR3. -(CO)NR4R5, -0(C0)R2, -0(C0)0R3, -0(C0)NR4Rs. -NR6(CO)R2, -NR6(CO)OR3, 
-OR3, -NR4R5, -SRs, -SOR2, -SO2R2 and/or -OSO2R2 form 5- or S-membered rings, wa the 
radicals R2, R3, R4 R5 and/or Re, with further substituents on the phenyl ring or with one of 
the carbon atoms of the phenyl ring; 

wherein all radicals Arf and Ar2 optionally additionally are substituted by a group having a 
-O-C-bond or a -O-Si-bond which cleaves upon the action of an acid; 

Ars, Ar4 and Arg independently of each other are phenyl, which is unsubstituted or substituted 
by one or more CrCi2alkyl, Ci-CshaloalkyI; Cg-Caocycloalkyl optionally interrupted by one or 
more -0-, -S-, -NRg-, -O(CO)-, or -NR6(CO)-; or is substituted by halogen, -NO2, -CN, -Are, 
-(CO)R2, -(CO)OR3, -(CO)NR4R5, -0(C0)R2, -0(C0)0R3. -0(CO)NR4R5. -NR6(CO)R2, 
-NR6(CO)OR3, -OR3, -NR4R5, -SRe, -SOR2, -SO2R2 and/or -OSO2R2, optionally the substitu- 
ents -(CO)R2. -(CO)OR3. -(CO)NR4Rs, -0(C0)R2. -d(CO)OR3, -0(CO)NR4R5, -NR6(CO)R2i 
-NR6(CO)OR3, -OR3. -NR4R5. -SRe, -SOR2; -SO2R2 and/or -OSO2R2 form 5- or 6-membered 
rings, via tine radicals Rg, R3, R4 R5 and/or Re, witii further substitijents on the phenyl ring or 
with one of the carbon atoms of the phenyl ring; 

wherein all radicals Arg, Ar4 and Arg optionally additionally are substituted by a group having 
a -O-C-bond or a -O-SI-bond which cleaves upon the action of an acid; 



X and Y independentiy of one anotiier are phenylene, 




. di- 
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phenylene, oxydiphenylene or 




, wherein these radicals are gn- 



substituted or substituted by one or more CrCsalkyl. CrCshaloalicyl, Ca-CaocycloalkyI, halo- 
gen. -NO2. -CN, -Are, -(CO)R2, -(CO)OR3. -(CO)NR4R5. -0(C0)R2, -0(C0)0R3, 
-0(CO)NR4R5, -NR6(CO)R2, -NR6(CO)OR3. -OR3. -NR4R5. -SRe. -SOR2. .SO2R2 and/or 
-OSO2R2; and 

all other radicals are as defined above. 



Interesting are further compositions comprising compounds of formula la, lb, Ic, lla, lib and 
lie, as well as the compounds of formula la, lb, Ic, lla, lib and lie as such, wherein 
Ri is C1-C5 alkyl which is unsubstituted or -is substituted by one or more; C3-C8cycloalkyl 
which optionally is interrupted by one or more -0-, -O(CO)-, or -NR6(CO)-; or is substituted 
by halogen, -Are, -(CO)R2, -(CO)OR3, and/or -0(C0)R2; 

or Ri is phenyl, which is unsubstituted or substituted by one or more C1-C5 alkyl, C1-C5- 
haloalkyl, halogen, -NO2, -CN. -Are. -(CO)R2, -0(C0)R2, -NR6(CO)R2, -OR3. -NR4R5, -SRe, 
-SO2R2 and/or -OSO2R2; optionally the substituents, -(CO)R2, -0(C0)R2, -NR6(CO)R2, -OR3, 
-NR4R5, -SRe, -SO2R2 and/or -OSO2R2 form 5- or 6-membered rings, via the radicals R2, R3, 
R4 R5 and/or Re. with further substituents on the phenyl ring or with one of the cariDon atoms 
of the phenyl ring; 

or Ri is naphthyl, which is unsubstituted or substituted by one or more CrCsalkyI, C1-C5- 
haloalkyl, halogen, and/or -OR3; 

wherein all radicals Ri optionally additionally are substituted by a group having a -O-C-bond 
or a -O-Si-bond which cleaves upon the action of an acid; 

R'l is Ci-Ci2alkylene or C2-Cn2alkylene which is interrupted by one or more C3-C30. 
cycloalkylene, -0-, -O(CO)-. or -NR6{CO)-; 

or R'i is Cs-Csocycioalkylene which optionally is intenxipted by one or more -0-, -O(CO)- or 
-NReCCO).; 

or R\ is phenylene, naphthylene; 

R2 is phenyl, or is Cs-Csocycloalkyl, or is C^-C^alkyl, 

ail of which are unsubstituted or substituted by phenyl, OH, C^-Cgalkyl, Ci-Cshatoalkyl, C3- 
Csocycloalkyl, halogen, C^-C^alkoxy and/or phenoxy; 

R3 is phenyl, or is Cs-CaocycloalkyI, or is C^-Cgalkyl; or is Cs-Cgalkyl which is intemjpted by 
one or more -0-; or is C3-C3ocycloalkyl which is intemjpted by one or more -0-, -O(CO)-, or 
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-NReCCO)-; or is C2-Ciaalkanoyl, or is benzoyl, or is Ci-Cisallcylsulfonyl; 

all of which are unsubstltuted or substituted by phenyl, OH, C^-Cgalkyl, Ci-Cshaloalkyl, Cg- 

Caocycloalkyl, halogen and/or C^-C^alkoxy; 

or R3 is hydrogen, phenylsulfonyl, (4-methylphenyl)sulfonyl or naphthylsulfonyl; 
R4, R5 and Re independently of each other are phenyl, or are Ca-CaocycloalkyI, or are C,-C 
alkyi; or are Cs-Cgalkyl which Is interrupted by one or more -O-; or are CarCgocydoalkyl which 
is interrupted by one or more -0-. -O(CO)-, or -NR6(CO)-; or are Cz-Cisalkanoyl, or are ben- 
zoyl, or are Ci-Cisalkylsulfonyl, 

-all-of-which-are-unsubstltuted-or-substituted-by-phenyl7 OH-, -e^galkylr Cr^^ 



CsocycloalkyI, halogen, and/or C^-C^alkoxy; 

or and Rg independently of each other are hydrogen, phenylsulfonyl, (4-rT»ethylphenyl)- 
sulfonyl or naphthylsulfonyl; 

or R^ and R^, together with the nitrogen atom to which they are attached, form a 5-, 6- or 7- 
membered ring which optionally is interrupted by -Q- or by -NRg-; 

Ari, Ar2, Ara, Ar4 and Arg independently of each other are phenyl, which is unsubstltuted or 
substituted by one or more Ci-C,2alkyl, Ci-CshaloalkyI, Ca-Cgocydoalkyl. halogen, -0(C0)R2. 
-0(C0)0R3, -0(CO)NR4R5, -OR3. and/or -SRe,- 

wherein all radicals Ar,, Ar2, Ara, Ar4 and Arg optionally additionally are substituted by a 
group having a -O-C-bond or a -O-Si-bond which cleaves upon th^ action of an add; 
Are is phenyl, which is unsubstituted or substituted by one or more Ci-Ci2alkyl, C,-Cs- 
haloalkyl, Cg-Caocycloalkyl, halogen, -0(C0)R2, -0(C0)0R3, -0(CO)NR4R5. -OR3. and/or 
-SRe,- and 

X and Y Independently of one another are phenylene, 
phenylene, oxydiphenylene or — ^ s— 





Preferred are compounds of the fonnula la.lc or lla, wherein 

Ri is Ci-CsalkyI, Ci-Cghaloalkyr or Cg-Qaocydoalkyl, all of which are unsubstituted or sub- 
stituted by one or more CrCsalkyI, -Are. -(CO)R2, or by Cg-Caocydoalkyl, which optionally Is 
inten-upted by one or more -0-; 

or Rt is phenyl or naphthyl. unsubstituted or substituted by d-Csalkyl, halogen, -(CO)R2 or 
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-OR3: 

R'l is Ca-Caocycloalkylene or phenylene; 
R2 is phenyl, Ci-Csalkyl or hydrogen; 
R3 . is CrCsalkyI; 

Afi and Arz independently of each other are phenyl which is unsubstituted or substituted by 
Ci-Ci2alkyl; 

Ara, Ar4 and Ars have one of the meanings given for Art and Axz, and 

Are is phenyl, naphthyl, anthracyl or heteroaryl, all of which are unsubstituted or substituted 
by NO2, CrCsalkyI, or G2-Ci2alkyl which is interrupted byj)ne or more 

Interesting are also compounds of the formula la, Ic and lia, wherein 

Ri is Ci-CsalkyI, unsubstituted or substituted by -Are, or is G2-Ci2alkyl which is interrupted 
by.(CO)s 

or Ri is phenyl, unsubstituted or substituted by Ci-CsalkyI or halogen; 
R'i is Ca-Caocycloalkylene or phenylene; 

Ari and Arg independently of each other are phenyl which is unsubstituted or substituted by 
Ci-Ci2alkyl; and 

Ara, Ar4 and Ars have one of the meanings given for Ari and Ar2. 

The compounds of the fomnula la, lb, Ic, lla, lib and lie can be used as photosensitive acid 
donors in photocurable compositions. Accordingly, subject of the invention also is a compo- 
sition comprising 

(a) a compound which cures upon the action of an acid or a compound whose. solubility Is in- 
creased upon the action of an acid; and 

(b) as photosensitive acid donor, at least one compound of the fomiula la, lb, Ic, lla, lib or lie 
as defined above. 

The compounds of formulae la, lb, Ic, lla, lib or lie can be used as photosensitive acid don- 
ors in a photoresist. Resist systems can be prepared by image-wise irradiation of systems 
comprising compounds of formulae la, lb, Ic, lla, lib or lie, followed by a developing step. 

A chemically amplified photoresist is understood to be a resist composition wherein the radi- 
ation sensitive component provides a catalytic amount of acid which subsequently catalyses 
a chemical reaction of at least one acid-sensitive component of the resist Resulting is the 
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induction of a solubility difference between the irradiated and non-inradlated areas of the res- 
ist Because of the catalytic nature of this process one acid molecule can trigger reactions 
at multiple sites as It diffuses through the reactive polymer matrix, from one reaction site to 
the next, as long as it is not trapped or destroyed by any secondary reaction. Therefore, a 
small add concentration is sufficient to induce a high difference in the solubility between ex- 
posed and unexposed areas in the resist. Thus, only a small concentration of the latent acid 
compound is necessary. As a result, resists with high contrast and high transparency at the 
exposure wavelength In optical imaging can be formulated, which in turn produce steep, ver- 
tical image profiles at hig h p hotosensitivity. Ho wever, as a result of this catalyfln prnrAsg ft 
is required that the latent acid catalysts are chemically and thermally very stable (as long as 
not irradiated) in order not to generate acid during resist storage or during processing, which 
- In most cases - requires a post exposure bake step to start or to complete the catalytic rea- 
ction which leads to the solubility differential. It is also required to have good solubility of the 
latent catalysts In the liquid resist formulation and the solid resist film to avoid any particle 
generation which would interfere with the aiDplication of these resists In microelectronic man- 
ufacturing processes. 

Preferred photoresist compositions, comprise theprefen-ed compounds of formula la, lb, Ic, 
lia, lib and tic as described above. 

Particularly preferred are photoresist compositions comprising at least one compound of the 
formula la, lb. Ic, lla, lib and/or lie. wherein 

Ri is Ci-Csalkyl which is unsubstituted or substituted by one or more; Cg-Cocycloalkyl, 
which optionally is internipted by one or more -0-, -O(CO)-, or -NReCCO)-; or Is subtituted by 
halogen, -Are. -(CO)R2, -(CO)OR3, and/or -0(C0)R2; 

or Ri is phenyl, which is unsubstituted or substituted by one or more d-Csalkyl, C1-C5- 
haloalkyl, halogen, -NO2, -CN, -Are, -(CO)R2, -0(C0)R2. -NR6(CO)R2, -OR3, -NR4R5. -SRs, 
-SO2R2 and/or -OSO2R2, optionally the substituents, -(CO)R2, -0(C0)R2, -NR6(CO)R2, -OR3, 
-NR4R5, -SRe, -SO2R2 and/or -OSO2R2 form 5- or 6-membered rings, via the radicals R2, R3, 
1^ Rs and/or Re, with further substituents on the phenyl ring or with one of the cartson atoms 
of the phenyl ring; 

or Ri is naphthyl, which Is unsubstituted or substituted by one or more Ci-Csalkyl, C1-C5. 
haloalkyi, halogen, and/or -OR3; 

wherein all radicals Ri optionally additionally are substituted by a group having a -O-C-bond 
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or a -O-Si-bond which cleaves upon the action of an acid; 

R'l is Ci-Ci2alkylene; or Ca-Ciaalkylene which is interrupted by one or more C3-C3P- 
cycloalkylene, -0-, -0(00)-, or -NR6(CO)-; 

or RS is Ca-Caocydoaikylene, optionally interrupted by one or more -0-, -O(CO)- or 
-NReCCO).; 

or R'l is phenylene, or naphthylene; 

R2 is phenyl, or is Ca-Cgocycioalkyl, or is.C^-Cgalkyl, 

all of which are unsubstituted or substituted by phenyl, OH, C^-Cgalkyl, Ci-Cshaloalkyl. C3- 

Caocycloalkyl, halogen, C^-C^alkoxy and/or phenoxy; _ 

R3 is phenyl, or is Cs-Csocycloalkyl. or is C^-Cgalkyi; or is Ca-Cgalkyi which is intermpted by 
one or more -0-; or is Ca-CsocycloalkyI which is interrupted by one or more -0-, -0(C0)-, or 
-NR6(CO); or is Ca-Ciealkanoyl, or is benzoyl, or is CrCisalkylsulfonyl; 
all of which are unsubstituted or are substituted by phenyl, OH, C^-Cgalkyl, Ci-CshaloalkyI, 
Ca-CsocycloalkyI, halogen and/pr C^-C^alkoxy; 

or R3 is hydrogen, phenylsulfonyl, (4-methylphenyl)sulfonyl or naphthylsulfonyl; 
R4 and R5 independently of each other are phenyl, or are Ca-Qsocycloalkyl, or are C^-Cgalkyl; 
or are Cg-Csalkyl which is interrupted by one or more -0-; or are Cs-CaoCycloalkyl which is In- 
temjpted by one or more -0-, -O(CO)-. or -NReCCO)-; or are Cz-Ciealkanoyl, or are benzoyl, 
or are Ci-Ciaalkylsulfonyl, 

all of which are unsubstituted or are substituted by phenyl, OH, C^-Cgalkyi, Gi-Cghaloalkyl, 
Ca-CaocycloalkyI, halogen and/or C^-C^alkoxy; 

or R^ and Rg independently of each other are hydrogen, phenylsulfonyl, (4-methylphenyl)- 
sulfonyl or naphthylsulfonyl; 

or R4 and Rg, together with the nitrogen atom to which they are attached, form a 5-, 6- or 7- 
membered ring which optionally is interrupted by -O- or by -NRg-; 

Re is phenyl, or is Gs-CaocycloalkyI, or is C^-Cgalkyl; or is Ca-CsalkyI which is interrupted by 
one or more -Os or is Cs-Caocycloalkyi which is intenrupted by one or more -0-, -O(CO)-, or 
-NReCCO)-; or is Ca-Cisalkanoyli or is benzoyl, or is CrCiaalkylsulfonyl, 
all of which are unsubstituted or are substituted by phenyl, OH, C^-Cgalkyl. Ci-CshaloalkyI, 
Ca-CaocycloalkyI, halogen and/or C^-C^alkoxy; 

or Re is hydrogen, phenylsulfonyl, (4-methylphenyl)sulfonyl or naphthylsulfonyl; 

Ari, Ar2 Ars, Ar4 and Ars independently of each other are phenyl, which is unsubstituted or 

substituted by one or more Ci-Ci2alkyl, C-CshaloalkyI, Ca-CaocycloalkyI, halogen, -0(CD)R2, 
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-0(C0)0R3, -0(CO)NR4Rs.-OR3, and/or -SRe.- 

wherein the radicals An, Arg Arg, Ar4 and Ars optionally additionally are substituted by a 
group having a -O-C-bond or a -O-SI-bond which cleaves upon the action of an acid; 
Are is phenyl, which is unsubstituted or substituted by one or more d-Ciaalkyl, Ci-Cs- 
haloalkyl. Cg-CMcycloallcyl. halogen, -0(C0)R2. -0(CO)OR3, -0(CO)NR4R5. -OR3, and/or 
-SRe; and 

XandY independently of one another are phenylene, — ^ /— <^"2\>> — di- 




phenylene, oxydiphenylene or 



In other prefen-ed compositions according to the invention the radicals Ri, Ari, Ara, Ara, Ar4 
and/or Arg are substituted by a group having a -O-C-bond or a -O-Si-bond which cleaves up- 
on the action of an acid. 

The difference in resist solubility between inadiated and non-in-adlated sections that occurs 
as a result of the acid-catalysed reaction of the resist material during or after irradiation of 
the resist may be of two types depending upon which further constituents are present In the 
resist. If the compositions according to the invention comprise components that increase the 
solubility of tlie composition in the developer after In-adiation. the resist is positive 
The invention accordingly relates to a chemically amplified positive photoresist. 

If. on the other hand, the components of the fomiulation reduce the solubflity of the composi- 
tion after irradiation, the resist is negative. 

The invesntion accordingly relates also to a chemically amplified negative photoresist 

A monomeric or polymeric compound which - in the unexposed areas - reduces the disso- 
lution rate of an additionally present alkaline solubJe binder resin in the resist fofmulat/on and 
which is essentially alkali-insoluble in the unexposed areas so that the resist film remains in 
the unexposed area after development in alkaline solution, but which is deaved in the pres- 
ence of add, or is capable of being rearranged, in such a manner tiiat its reaction product 
becomes soluble in tiie alkaline developer is refen-ed to hereinafter as dissolution inhibitor. 
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The invention inciudes, as a special embodiment a chemically amplified positive aH<aline- 
developable photoresist composition, comprising 

(a1) at least one polymer having acid-labile groups which decompose in the presence of an 
acid and increase the solubility of the resist film in an aqueous alkaline developer solution in 
the exposed area and 

(b) at least one compound of formula la, lb, Ic, lla, lib or lie. 

A further embodiment of the invention is a chemically amplified positive alkaline-developable 
photoresist composition, comprising 

(a2) at least one mCnomeric or oligomeric dissolution inhibitor having at least one acid-labile* 
group which decomposes in the presence of acid and increases the solubility in an aqueous 
alkaline developer solution and at least one alkaii-soluble polymer and, 
(b) at least one compound of formula la, lb, Ic, lla, lib or lie. 

Another specific embodiment of the invention resides in a chemically amplified positive alka- 
line-developable photoresist composition, comprising 

(a1) at least one polymer having acid labile groups which decompose in the presence of an 
acid and increase the solubility In an alkaline developer in the exposed area; 
(a2) a moriomeric or oligomeric dissolution inhibitor, having at least one acid labile group, 
which decomposes in the presence of an acid and increase the alkaline solubility in the ex- 
posed area; 

{a3) an alkali-soluble monomeric, oligomeric or polymeric compound at a concentration 
which still keeps the resist film in the unexposed area essentially insoluble in the alkaline de- 
veloper, and 

(b) at least one compound of formula la, lb, Ic, lla, lib or lie. 

The inyention therefore pertains to a chemically amplified photoresist composition, compris- 
ing 

(a1) at least one polymer having an acid-labile group which decomposes in the presence of 
an acid to increase the solubility in aqueous alkaline developer solution and/or 
(a2) at least one monomeric or oligomeric dissolution inhibtor having an acid-labile group 
which decomposes in the presence of an acid to increase the solubility in aqueous alkaline 
developer solution and/or 

(a3) at least one alkali-soluble monomeric, oligomeric or polymeric compound; and 
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(b) as photosensitive acid donor, at least on e compound of fonnuka la, lb, Ic, lla, lib or lie. 

The compositions may comprise additionally to the component (b) other photosensitive acid 
donors and/or (c) other additives. 

Such chemically amplified positive resist systems are described, for example, in E. Reich- 
manis, F. M. Houlihan, O. Nalamasu, T. X. Neenan, Chem. Mater. 1991 , 3, 394; or in C. G. 
Willson, "Introduction to Micrdlitiiography, 2nd. Ed.; L. S. Thompson, C. G. Willson, M. J. 
Bowden, Eds., Amer. Chem. Soc., Washington DC, 1994, p. 139. _^ 



Suitable examjales of acid-labile groups which decompose in the presence of an acid to pro- 
duce aromatic hydroxy groups, carboxyllc groups, keto groups and aldehyde groups and in- 
crease the solubility in aqueous alkaline developer solution are, for example, alkoxyalkyi 
etiier groups, tetrahydrofuranyl ether groups, teti-ahydropyranyl ether groups, tert.-alkyl ester 
groups, trityl etiier groups, silyl etiier groups, all^l carbonate groups as for example tert.-bu- 
tyloxycarbonyloxy-, trityl ester groups, silyl ester groups, alkoxymethyl ester groups, vinyl 
carbamate groups, tertiary alkyi carbamate groups, ttityl amino groups, cumyl ester groups, 
acetal groups, ketal groups, teti-ahydropyranyl ester groups, teti^furanyl ester groups, tertia- 
ry alkyI etiier groups, tertiary alkyI ester groups, and tiie like. 

The polymer having functional groups capable of decomposing by the action of an acid to 
enhance solubility of tine resist film comprising this polymer in an alkaline developing soluti- 
on, which can be incorporated in the positive resist according to tiie present invention, may 
have tiie acid-labile groups in tiie backbone and/or side chains thereof, preferably in side 
chains thereof. 

The polymer having acid-labile groups suitable for tiie use in tiie present invention can be 
obtained witii a polymer analogous reaction where the alkaline soluble groups are partially or 
completely converted into ttie respective acid labile groups or directiy by (co)-polymerization 
of monomers which have tine acid labile groups already attached, as is for instance disclosed 
in EP 254853, EP 878738, EP 877293, JP-A-2-25850, JP-A-3-223860. and JP-A-4-251259. 

The polymers which have acid labile groups pendant to the polymer backbone, in the pre- 
sent invention preferably are polymers which have, for example, silylether, acetal, ketal and 
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alkoxyalkyiester groups (called "low-activation energy blocking groups") which cleave com- 
pletely at relatively low post exposure bake temperatures (typically between room tempera- 
ture and IIC^C) and polymers which have, for example, tert-butylester groups or tert.-butyl- 
oxycarbonyl (TBOC) groups or other ester groups which contain a secondary or tertiary car- 
bon atom next to the oxygen atom of the ester bond (called "high-activation energy blocking 
groups") which need higher bake temperatures (typically > IIO^'C) in order to complete the 
deblocking reaction in the presence of acid. Hybrid systems can also be applied, wherein, 
both, high activation energy blocking groups as well as low activation energy blocking groups 
are present within o ne polymer . Alternatively, polymer blends of polymers, each utilizing a^ 
different blocking group chemistry, can be used in the photosensitive positive resist composi- 
tions according to the invention. 

Preferred polymers which have acid labile groups are polymers and co-polymers comprising 
the following distinct monomer types: 

1) monomers that contain acid-labile groups which decompose in the presence of an acid to 
increase the solubility in aqueous alkaline developer solution and 

2) monomers that are free of acid labile groups and free of groups that contribute to the al- 
kaline solubility and/or 

3) monomers that contribute to aqueous alkaline solubility of the polymer. 
Examples of monomers of type 1) are: 

non-cyclic or cyclic secondary and tertiary-alkyi (meth)acrylates such as butyl acrylate, inclu- 
ding t-butyl acrylate, butyl methacrylate, including t-butyl methacrylate, 3-oxocyclohexyl (me- 
th)acrylate, tetrahydropyranyl (meth)acrylate, 2-methyl-adamantyl (meth)acrylate, cyclohexyl 
(meth)acrylate, norbornyl (meth)acrylate, (2-tetrahydropyranyl)oxynorbonylalcohol acrylates, 
(2-tetrahydropyranyl)oxymethyltricyclododecanemethanol methacrylates. trimethylsilylmethyl 
(meth)acrylate, (2-tetrahydropyranyl)oxynoriDonylalcohol acrylates, (2-tetrahydropyranyl)oxy- 
methyltricyclododecanemethanol methacrylates, trimethylsilylmethyl (meth)acrylate o-/m-/p- 
(3-oxocyclohexyloxy)styrene, o-/m-/p- (1-methyl-1-phenylethoxy)styrene, o-/m-/p- tetrahydro- 
pyranyloxystyrene, o-/m-/p- adamantyloxystyrene, o-/m-/p- cycfohexyloxystyrene, o-/m-/p- 
norbomyloxystyrene, non-cyclic or cyclic alkoxycarbonylstyrenes such as o-/m-/p- butoxycar- 
bonylstyrene, including p- t-butoxycarbony|styrene, o-/m-/p- (3-oxocyclohexyloxycarbonyl)- 
styrene, o-/m-/p- (l-methyl-l-phenylethoxycarbonyl)styrene, o-/m-/p- tetrahydropyranyloxy- 
carbonylstyrene, o-/m-/p- adamantyloxycarbonylstyrene, o-/m-/p- cyclohexyloxycarbonylsty- 
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rene, o-/m-/p- nprbomyloxycarbonylstyrene, non-cyclic or cyclic alkoxycarbonyloxystyrenes 
such as o-/m-/p- butoxycarbonyloxystyrene, including p- t-butoxycarbonyloxystyrene, , o-/m- 
/p- j;3-oxocyclohexyloxycarbonyloxy)styrene, o-/m-/p- (1-methyl-1-phenyletho)cycarbony!oxy)- 
styrene. o-/m-/p- tetrahydropyranyloxycarbonyloxystyrene, o-/m-/p- adamantyloxycarbonylox- 
ystyrene, o-/m-/p- cyclohexyloxycarbonyloxystyrene, o-/m-/p- norbbmyloxycarbonyloxystyre- 
ne, non-cyclic or cyclic all<oxycarbonylalkoxystyrenes such aso/m/p-butoxycarbonylmethoxy- 
styrene, p- t-butoxycarbonylmethoxystyrene, o-/nn-/p- (3-oxocyclohexyloxycarbonylmethoxy)- 
styrene. o-/m-/p- (l-methyl-l-phenylethoxycarbonylmethoxy)styrene, o-/m-/p- tetrahydropy- 
rariyloxycarb^^ 

cyclohexyloxycarbonylmethoxystyrene, o-Zm-Zp- norbomyioxycarbonylmethoxystyrene, trime- 
thylsiloxystyrene, dinnethyl(butyl)siloxystyrene, unsaturated alkyi acetates such as isopropen- 
yl acetate and the derivatives of thereof . 

Monomers of type 1) bearing low activation energy acid labile groups include, for example, 
p- or m-(1rmethoxy-1-methylelhoxy)-styrene. p- or m-(l-methoxy-l-methylethoxy)- methyl- 
styrene . p-or m-(1-methoxy-1-methylpropoxy)styrene, p-or m-(l-methoxy-l-methylpropoxy) 
methylstyrene , p- or m-(1-methoxyethoxy)-styrene , p- or m-(1 -methoxyethoxy)- methylstyre- 
ne, p- or m-(1-ethoxy-1-methylethoxy)styrene , p- or m-(1-ethoxy-1-methylethoxy)- methyl- 
styrene, p- or m-(1-ethoxy-1-methylpropoxy)styrene, p- or m-(1-ethoxy-1-methylpropoxy) - 
methylstyrene , p- or m-(1-ethoxyethoxy)styrene, p- or m-(1 -ethoxyethoxy)- methylstyrene, p- 
(l-ethoxyphenyl-ethoxy)styrene, p- or m-(1-n-prop6xy-1-metyiethoxy)styrene, p- or m-(1-n- 
propoxy-l-metylethoxy) - methylstyrene, p- or m-(1-n-propoxyethoxy)styrene, p- or m-(1-n- 
propoxyethoxy) - methylstyrene, p- or m-(1-isopropoxy-1-methylethoxy)styrene, p- or m-(1- 
isopropoxy-1-methylethoxy) -methylstyrene , p- or m-(1-isopropoxyethoxy)styrene , p- or m- 
(1-isopropoxyethoxy) - methylstyrene/. p- or m-(1-isopropoxy-1-methylporpoxy)styrene, p- or 
m-(1-isopropoxy-1-methylporpoxy) - methylstyrene, p- or m-(1-isopropoxyporpoxy)styrene, p- 
or m-(l-isopropoxyporpoxy)- methylstyrene, p- or m-(1-n-butoxy-1-methylethoxy)styrene, p- 
or m-(1-n-butoxyethoxy)styrene , p- or m-(1-isobutoxy-1-methylethoxy)styrene, p- or m-(1- 
tert-butoxy-1-methylethoxy)styrene, p- or m-(1 -n-pentoxy-1 -methylethoxy)styrene, p- or m- 
(l-isoamyloxy-l-methylethoxy)styrene , p- or m-(1-n-hexyloxy-1-methylethoxy)styrene, p- or 
m-(l-cyclohexyloxy-1-methylethoxy)styrene, p- or m-(1 -trimethylsilyloxy-1 - 
methylethoxy)styrene, p- or m-(1 -trimethylsilyloxy-1 -methylethoxy)- methylstyrene, p- or m- 
(l-benzyloxy-l-methylethoxy)styrene, p- or m-(1-benzyloxy-1-methylethoxy)-a- 
methylstyrene, p- or m-(1-methoxy-1-methylethoxy)styrene /,p- or m-(1-methoxy-1- 
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methylethoxy)-a-methylstyrene, p- or m-(1-trimethylsilyloxy-1-methylethoxy)styre^ p- or m- 
(1-trimethylsilyloxy-1-methylethoxy) - methylstyrene. Other exarriples of polymers having 
alkoxyalkylester acid labile groups are given in US 5225316 and EP 829766. Examples of 
polymers with acetal blocking groups are given in US 5670299, EP 780732, US 5627006, 
US 5558976, US 5558971, US 5468589, EP 704762, EP 762206, EP 342498, EP 553737 
and described in ACS Symp. Ser. 614. Microelectronics Technology, pp. 35- 55 (1995) and 
J. Photopolymer Sol. Technol. Vol. 10. No. 4 (1997), pp. 571-578, as well as in J, Photo- 
polyrn. Sci, Technol. Vol. 12, no. 4 (1999). pp. 591-600. The polymer used in the present In- 
vention is not limited thereto. 



With respect to polymers having acetal groups. as acid-labile groups, it is possible to incorpo- 
rate acid labile crosslinks as described in H.-T. Schacht, P. Falcigno, N. Muenzel, R. Schulz, 
and A. Medina, ACS Symp. Ser. 706 (Micro- and Nanopatteming Polymers), p. 78-94, 1997; 
H.-T. Schacht, N. Muenzel, P. Falcigno. H. Holzwarth, and J. Schneider, J. Photopolymer 
Science and Technology, Vol.9, (1996), 573-586. This crosslinked system is prefen-ed from 
the standpoint of heat resistance of the resist patterns. 

Monomers with high activation energy acid labile groups are, for example, p-tert.-butoxycar- 
bonyloxystyrene, tert.-butyl-acrylate, tert-butyl-methacrylate, 2-methyl-2-adamantyl-methac- 
rylate, isobomyl-methacrylate. 

Examples of comonomers according to type 2) are: 

aromatic vinyl monomers, such as styrene, a-methylstyrene, acetoxystyrene, a-methylnaph- 
thylene, acenaphthyiene, vinyl alicyclic compounds such as vinyl norbornane. vinyl adaman- 
tane. vinyl cyclohexane, alkyi (meth)acrylates such as methyl methacrylate, acrylonitrile, vin- 
ylcyclohexane, vinylcyclohexanol, as well as maleic anhydride. 

Examples of comonomers according to type 3) are: 

vinyl aromatic compounds such as hydroxystyrene, acrylic add compounds such as methac- 
rylic acid, ethylcarbonyloxystyrene and derivatives of thereof. These polymers are described, 
for example, in US 5827634, US 5625020, US 5492793, US 5372912, EP 660187. US 
5679495, EP 8131 13 and EP 831369, The polymer used in the present invention is not limi- 
ted thereto. 
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The content of acid labile monomers in the polymer may vary over a wide range and de- 
pends on the amount of the other comonomers and the alkaline solubility of the deprotected 
polymer. Typically, the content of monomers with add labile groups In the polymer is bet- 
ween 5 and 60 mol%. If the content is too small, too low development rates and residues of 
the resist in the exposed areas result. If the content of add labile monomers is too high, re- 
sist patterns are poorly defined (eroded) after development and narrow features cannot be 
resolved anymore and/or the resist looses Its adhesion to the substrate during development. 
Preferably the copolyrriers which have add labile groups have a Mw of from about 3'000 to 
about 200*000, more preferab ly from abo u t S'OOO to about 50'OOQ with a mnjecuiar weight 
distribution of about 3 or less, more preferably a molecular weight distribution of about 2 or 
less. Non-phenolic polymers, e.g. a copolymer of an alkyi acrylate such as t-butyl acrylate or 
t-butyl-methacrylate and a vinyl alicyclic compound, such as a vinyl norbonanyi or vinyl cydo- 
hexanol compound,, also may be prepared by such free radical polymerization or other 
known procedures and suitably will have a Mw of from about 8*000 to about 50*000, and a 
rholecular weight distribution of about 3 or less. 

Other comonomers may suitably be added in an appropriate amount for the purpose of con- 
trolling the glass transition point of the polymer and the like. 

In the present invention a mixture of two or more polymers having acid-labile groups may be 
used. For example, use may be made of a mixture of a polymer having acid-labile groups, ' 
which are deaved very easily, such as acetal groups or tetrahydropyranyloxy- groups and a 
polymer having add-cleavable groups, that are less easily deaved. such as for example ter- 
tiary alkyI ester groups. Also, acid deavable groups of different size can be combined by 
blending two or more pdymers having different add deavable groups, such as a tert-butyl- 
ester group and 2-methyl-adamantyl group or an 1-ethoxy-ethoxy group and a tetrahydropyr- 
anyloxy group. A mixture of a non-crosslinked resin and a crosslinked resin may also be us- 
ed. The amount of these polymers in the present invention is preferably from 30 to 99% by 
weight, more preferably from 50 to 98% by weight, based on the total amount of all sdid 
components. An alkali-soluble resin or monomeric or oligomeric compound having no acid- 
labile groups may be further Incorporated Into the composition in order to control the alkali 
solubility. 

Examples of polymer blends with polymers having different acid-labile groups are given in 
EP 780732, EP 679951 and US 5817444. 
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Preferably monomeric and oiigomeric dissolution inhibitors (a2) are used in the present in- 
vention. 

The monomeric or. oiigomeric dissolution inhibitor having the acid-labile group for use In the 
present Invention Is a compound which has at least one acid-labile group in the molecular 
structure, which decomposes in the presence of acid to increase the solubility in aqueous al- 
kaline developer solution. Examples are alkoxymethyl ether groups, tetrahydrofuranyl ether 
groups, tetrahydropyranyl ether groups, alkoxyethyl ether groups, trityl ether groups, silyl 
ether groups, alkyi carbonate groups, trityl ester groups, silyl ester groups, alkoxymethyl es- 
ter groups, vinyl carbamate groups, tertiary alkyI cart^amate groups, trityl am]nq_grpups, 
cumyl ester groups, acetal groups, ketal groups, tetrahydropyranyl ester groups, tetrafuranyl 
ester groups, tertiary aikyi ether groups, tertiary alkyI ester groups, and the like. The molecu- 
lar weight of the acid-decomposable dissolution inhibitive compound for use in the present 
invention is 3'000 or lower, preferably from 100 to S'OOO, more preferably from 200 to 2'500. 

Examples of monomeric and oiigomeric dissolution inhibitors having acid-labile groups are 
described as fonmulae (I) to (XVI) in EP 0831369. Other suitable dissolution inhibitors hav- 
ing acid-labile groups are shown in US 5366752, US 5037721, US 5015554. J P-A-1 -289946, 
JP-A-1 -289947, JP-A-2-2560i JP-A-3-1 28959, JP-A-3-1 58855, JP-A-3-1 79353, JP-A-3- 
191351, JP-A-3-200251, JP-A-3-200252, JP-A-3-200253, JP-A-3-200254, JP-A-3-200255, 
JP-A-3-259149, JA-3-279958, JP-A-3-279959, JP-A-4-1650, JP-A-4-1651, JP-A-11260, JP- 
A-4-12356, JP-A-4-1 23567, JP-A-1 -289946, JP-A-3-1 28959, JP-A-3-1 58855, JP-A-3- 
179353, JP-A-3-1 91 351, JP-A-3-200251 , JP-A-3-200252, JP-A-3-200253, JP-A-3-200254, 
JP-A-3-200255, JP-A-3-259149, JA-3-279958, JP-A-3-279959, JP-A-4-1650, JP-A-4-1651, 
JP-A-11260, JP-A-4-12356, JP-A-4-12357 and Japanese Patent Applications Nos. 3-33229, 
3-230790,3-320438, 4-254157, 4-52732, 4-103215, 4-104542, 4-107885, 4-107889, 4- 
1 521 95, 4-2541 57, 4-1 0321 5,* 4-1 04542^ 4-1 07885, 4-1 07889, and 4-1 521 95. 

The composition can also contain polymeric dissolution inhibitors, for example, polyacetals 
as described for example in US 5354643 or poly-N,0-acetals for example those described in 
US 5498506, either in combination with an alkaline soluble polymer, or in combination with a 
polymer containing acid labile groups which increase the solubility of the resist film in the de- 
veloper after exposure, or with a combination of both types of polymers. 
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In the case where the dissolution Inhibitor having acld-lablle groups is used in the present In- 
vention in combination with the onium salts of fonmuja la, lb, Ic, lla, lib or lie, the alkali- 
soluble polymer and/or the polymer having acid-labile groups, the amount of the dissolution 
inhibitor is from 3 to 55% by weight, preferably from 5 to 45% by weight, most preferably 
from 10 to 35% by weight, based on the total amount of ail solid components of the photo- 
sensitive composition. 

A polymer soluble in an aqueous alkali solution (a3) is preferably used in the present inventi- 
on. Exampl es of t h ese polymer s include nov ol ak resins , hvdrogenated novolak resins, am- 
tone-pyrogalld resins, poly(o-hydro)cystyrene), poly(m-hydroxystyrene), poly(p-hydroxystyre- 
ne), hydrogenated poly{hydroxystyrene)s, halogen-or alkyl-substltuted poly(hydroxystyre- 
ne)s, hydroxystyrene/N-substituted maleimide copolymers, o/p- and m/p-hydroxystyrene co- 
polymers, partially o-alkylated poly(hydroxystyrene)s, [e.g.. o-methylated, o-{1-methoxy)eth- 
ylated, o-(1-ethoxy)ethylated, o-2-tetrahydropyranylated, and o-{t-butoxycarbonyl)methylated 
poly(hydroxystyrene)s having a degree of substitution of from 5 to 30 mol% of the hydroxyl 
groups], o-acylated poly(hydroxystyrene)s [e.g., o-acetylated and o-(t-butoxy)carbonylated 
poly(hydroxystyrene)s having a degree of substitution of from 5 to 30mol% of the hydroxyl 
groups], styrene/maleic anhydride copolymers, styrene/hydroxystyrene copolymers, a-meth- 
ylstyrene/hydroxystyrene copolymers, carboxylated methacrylic resins, and derivatives there- 
of. However, the alkali-soluble polymer for use in the present invention should not be con- 
stixied as being limited to tiiese examples. 

Especially preferred alkali-soluble polymers (a3) are novolak resins, poly(o-hydroxystyrene), 
poly(m-hydroxystyrene), poly(p-hydroxystyrene), copolymers of the respective hydroxysty- 
rene monomers, for example, wiUi p-vinylcydohexanol, alkyl-substituted pdly(hydroxy- 
styrene)s, partially o- or m-alkylated and o- or m-acylated poly(hydroxystyrene)s, styrene/- 
hydroxystyrene copolymer, and a-metiiylstyrene/hydroxystyrene copolymers. The novolak 
resins are obtained by addition-condensing one or more given monomers as the main ingre- 
dient with one or more aldehydes in One presence of an acid catalyst. 

Examples of monomers useful in preparing alkaline soluble resins include hydroxylated aro- 
matic compounds such as phenol, cresols, i.e., m-cresol, p-cresol, and o-cresol, xylenols, 
e.g., 2,5-xylenol, 3,5-xylenol, 3,4-xylenol, and 2,3-xyienbl, alkoxyphenols, e.g., p-methoxy- 
phenol, m-methoxyphenpl, 3,5-climethoxyphenol, 2-methoxy-4-methylphenol, m-etiioxyphen- 
ol, p-ethoxyphenol, m-propoxyphenoi, p-propoxyphenol. m-butoxyphenol, and p-butoxyphen- 
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ol, dialkylphenols, e.g., 2-methyl-4-isopropylphenol, and other hydroxylated aromatics includ- 
ing m-chlorophenol, p-chlorophenol, o-chlorophenol, dlhydroxybiphenyl, bisphenol A, phenyl- 
plienol, resorcinol, and naphthol. TTiese compounds may be used alone or as a mixture of 
two or more thereof. The main monomers for novolak resins should not be construed as be- 
ing limited to the above examples. 

Examples of the aldehydes for polycondensation with phenolic compounds to obtain novola- 
ks include formaldehyde, p-formaldehyde. acetaldehyde, propionaidehyde, benzaldehyde, 
phenylacetaldehyde, a-phenylpropionaldehyde, p-phenylpropionaldehyde, o-hydroxybenzal- 
dehyde, m-hydroxybenzaldehyde, p-hydroxybenzaldehyde, o-chlorobenzaldehyde^m-chloro- 
benzaldehyde, p-chlorobenzaldehyde, o-nitrobenzaldehyde, m-nitrobenzaidehyde, o-methyl- 
benzaldehyde, m-methylbenzaldehyde, p-methylbenzaldehyde, . p-ethylbenzaldehyde, p-n- 
butylbenzaidehyde, furfural, chloroacetaldehyde, and acetals derived from these, such as 
chloroacetaldehyde diethyl acetal. Preferred of these is formaldehyde. 
These aldehydes may be used alone or in combination of two or more thereof. Examples of 
the acid catalyst include hydrochloric acid, sulfuric acid, formic acid, acetic acid, and oxalic 
acid. 

The weight-average molecular weight of the thus-obtained novolak resin suitably is from 
I'OOO to 30*000. If the weight-average molecular weight thereof is lower than I'OOO, the film 
reduction at unexposed parts during development is liable to be large. If the weight-average 
molecular weight there of exceeds 50*000, the developing rate may be too low. The especial- 
ly preferred range of the molecular weight of the novolak resin is from 2*000 to 20*000. 
The poly(hydroxystyrene)s and derivatives and copolymers thereof shown above as alkali- 
soluble polymers other than novolak resins each have a weight-average molecular weight of 
2'000 or higher, preferably from 4'000 to 200'000, more preferably from S'OOO to 50*000. 
From the standpoint of obtaining a polymer film having improved heat resistance, the weight- 
average molecular weight thereof is desirably at least S'OOO or higher. 
Weight-average molecular weight in the context of the present invention is meant to be the 
one determined by gel permeation chromatography and calibrated for with polystyrene stan- 
dard. 

In the present invention the alkali-soluble polymers may be used as a mixture of two or more 
thereof. In the case where a mixture of an alkali-soluble polymer and the polymer having 
groups which decompose by the action of an acid to enhance solubility in an alkaline devel- 
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oping solution is used, the addition amount of the alkali-soiulDle polymer is preferably up to 
80% by weight, more preferably up to 60% by weight, most preferably up to 40% by weight, 
based on the total amount of the photosensitive composition (excluding the solvent). The 
amount exceeding 80% by weight is undesirable because the resist pattern suffers a consi- 
derable decrease in thickness, resulting in poor images and low resolution. 
In the case where an alkali-soluble polymer is used together with a dissolution inhibitor, with- 
out the polymer having groups which decompose by the action of an acid, to enhance solubi- 
lity in an alkaline developing solution, the amount of the alkali-soluble polymer is preferably 

to 80% by weight. If the amount thereof is smaller than 40% by weight, undesirable results 
such as reduced sensitivity are caused. On the other hand, if it exceeds 90% by weight, the 
resist pattern suffers a considerable decrease in film thickness, resulting in poor resolution 
and image reproduction. 

The content of the onium salts of formula la, lb, Ic, lla, lib or lie, (component (b)) in the posi- 
tive resist according to the present invention is preferably between 0.01 % to 20% by weight, 
based on the total amount of all solid components in the photoresist. 

The use of the onium salts according to the invention in chemically amplified systems, which 
operates on the principle of the removal of a protecting group from a polymer, generally pro- 
duces a positive resist. Positive resists are preferred over negative resists in many appli- 
cations, especially because of their higher resolution. There is, however, also interest in pro- 
ducing a negative image using the positive resist mechanism, in order to combine the ad- 
vantages of the high degree of resolution of the positive resist with the properties of the ne- 
gative resist.. This can be achieved by introducing a so-called image-reversal step as descri- 

r 

bed, for example, in EP 361906. For this purpose, tiie image-wise irradiated resist material 
is before the developing step treated with, for example, a gaseous base, thereby image-wise 
neutralizing the acid which has been produced. Then, a second inradiation, over the whole 
area, and thermal aftertreatment are carried out and the negative image is then developed in 
the customary manner. 

Acid-sensitive components that produce a negative resist characteristically are especially 
compounds which, when catalysed by an acid (e.g. the acid formed during irradiation of the 
compounds of formulae la, lb, Ic, lla, lib or lie), are capable of undergoing a crosslinking re- 
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action with themselves and/or with one or more furtiner components of the composition. 
Compounds of this type are, for example, the known acid-curabie resins, such as, for exam- 
ple, acrylic, polyester, alkyd, melamine, urea, epoxy and phenolic resins or mixtures thereof. 
Amino resins, phenolic resins and epoxy resins are very suitable^ Acid-curable resins of this 
type are generally known and are described, for example, in "Ullmann's Encyclopadie der 
technischen Chemie" [Ulimanns Enceclopedia of Technical Chemistry], 4th Edition, Vol. 15 
(1978), p. 613 - 628. The crosslinker components should generally be present in a con- 
centration of from 2 to 40, preferably from 5 to 30, percent by weight, based on the total so- 
lids content of the negative resjstjsompositio^^^ _ 

The invention thus includes, as a special embodiment, chemically amplified negative, alkali- 
developable photoresists, comprising 
{a4) an alkali-soluble resin as binder 

(a5) a component that when catalysed by an acid undergoes a crosslinking reaction with it- 
self and/or with the binder, and 

(b) as photosensitive acid donor an onium salts of formula la, lb, Ic, lla, lib or lie. 

The composition may comprise additionally to the component (b) other photosensitive acid 

donors and/or (c) other additives. . ' 

Especially preferred as acid-curable resins (a5) are amino resins, such as non-etherified or 
etherified melamine, urea, guanidlne or biuret resins, especially methylated melamine resins 
or butylated melamine resins, corresponding glycolurils and urones. By "resins'* in this con- 
text, there are to be understood both customary technical mixtures, which generally also 
comprise oligomers, and pure and high purity compounds. N,N',N"-Hexa(methoxymethyl) 
melamine and tetramethoxymethyl glucoril and N,N'-dimethoxymethylurone are the acid- 
curable resins given the greatest preference. 

The concentration of the compound of formula la, lb, Ic, lla, lib or lie in negative resists in 
general is from 0,1 to 30, preferably up to 20, percent by weight, based on the total solids 
content of the compositions. From 1 to 15 percent by weight is especially preferred. 

Where appropriate, the negative compositions may comprise a film-fonming polymeric binder 
(a4). This binder is preferably an alkali-soluble phenolic resin. Well suited for this purpose 
are, for example, novolaks, derived from an aldehyde, for example acetaldehyde or furfural- 
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dehyde, but especially from formaldehyde, and a phenol, for example unsubstituted phenol, 
mono- or dl-chlorosubstituted phenol, such as p-chlbrophenoi, phenol mono- or di- 
substltuted by Ci-CgalkyI, such as o-, m- or p-cresol, the various xylenols, p-tert-butylphenol, 
p-nonylphenol, p-phenylphenol, resorclnol. bls(4-hydroxyphenyl)methane or 2,2-bis(4-hy- 
droxyphenyl)propane. Also suitable are homo- and co-polymers based on ethylenically un- 
saturated phenols, for example homopolymers of vinyl- and 1-propenyl-substituted phenols, 
such as p-vinylphenol or p-(1-propenyl)phenol or copolymers of these phenols with one or 
more ethylenically unsaturated materials, for example styrene and styrene derivatives. The 
amount of binder s hould generally b e from 30 to 95 percent by weight »r, preferably, from 
40 to 80 percent by weight. 

An especially prefen^d negative resist composition comprises from 0.5 to 15 percent by 
weight of an onium salt of formula la, lb, Ic, lla, lib or lie (component (b)), from 40 to 99 per- 
cent by weight of a phenolic resin as binder (component (a4)), for example one of those 
mentioned above, and from 0.5 to 30 percent by weight of a melamine resin (component 
(a5)) as crossllnking agent, the percentages relating to the solids content of the composition. 
With novolak or especially with polyvinyl phenol as binder, a negative resist having especially 
good properties is obtained. 

Onium salts-can also be used as acid generators, which can be activated photochemically, 
for the acid-catalysed crosslinking of, for example, poly(glycidyl)methacrylates in negative 
resist systems. Such crosslinking reactions are described, for example, by Chae et al. in 
Pollimo 1993, 17(3), 292. 

The positive and the negative resist compositions may comprise in addition to the photosen- 
sitive acid donor compound of formula la, lb, Ic, lla, lib or lie further photosensitive acid do- 
nor compounds (b1), further additives (c), other photoinitiators (d), and/or sensitizers (e). 
Therefore, subject of the invention also are chemically amplified resist compositions as de- 
scribed above, in addition to components (a) and (b), or components (al), (a2), (a3) and (b), 
or components (a4), (a5) and (b) comprising further additives (c),. further photosensitive acid 
donor compounds (b1 ), other photoinitiators (d), and/or sensitizers (e). 

Onium salts of the present invention in the positive and negative resist can also be used to- 
gether with other, known photolatent acids (b1), for example, onium salts. 6-nitrobenzylsulfo- 
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nates, bis-sulfonyl diazomethane compounds, cyano group-containing oximesulfonate com- 
pounds.,, etc.. Examptes of known photolatent acids for chemically amplified resists are de- 
scribed In US 5731364. US 5800964. EP 704762, US 5468589, US 5558971, US 5558976 
and particularly in EP 794457 and EP 795786. 

If a mixture of photolatent acids is used in the resist compositions according to the invention, 
the weight ratio of onium salts of formula la, lb, Ic, lla, lib or He to the other photolatent add 
(b1) in the mixture is preferably from 1 :99 to 99:1 . 

Examples of photolatent acids which are suitable to be used in admixture with the compou- 
nds of formula la, lb, Ic, lla, lib or lie are 

(1 ) onium salt compounds, for example, 

iodonium salts, sulf onium salts, phosphonium salts, diazonium salts, pyridinlum salts. Pre- 
ferred are diphenyliodonium trifiate, diphenyllodonium pyrenesulfonate, diphenyliodonium 
dodecylbenzenesulfonate, triphenylsulfonium trifiate, triphenylsulfonium hexafluoroantimona- 
te, diphenyliodonium hexafluproantimonate, triphenylsulfonium naphthalehesulfonate, (hy- 
droxyphenyl)benzylmethylsulfonium toluenesulfonate and the like. Particularly preferred are 
triphenylsulfonium trifiate, diphenyliodonium hexafluoroantimonate. 

(2) halogen-containing compounds 

haloalkyi group-containing heterocyclic compounds, haloalkyi group-containing hydrocarbon 
compounds and the like. Preferred are (trichloromethyl)-s-tria2ine derivatives such as phen- 
yl-bis(trichloromethyl)-s-tria2ine, methoxyphenyl-bis(trichloromethyl)-s-triazine, naphthyl-bis- 
(trichloromethyl)-s-triazine and the like; 1.1-bis(4-chlorophnyI)-2,2,2-trichloroethane; and the 
like. 

(3) sulfone compounds, for example 

p-ketosulfones, p-sulfonylsulfones and their a-diazo derivatives and the like. Preferred are 
phenacylphenylsulfone, mesitylphenacylsulfone, bis(phenylsulfonyl)methane, bis(phenylsul- 
fonyl)diazomethane. 

(4) sulfonate compounds, for example 

alkylsulfonic acid esters, haloalkylsulfonic acid esters, arylsulfonic acid esters, iminosulfonat- 
es, imidosulfonates and the like. Preferred imidosulfonate compounds are, for example, N- 
(trifluoromethisulfonyloxy)succinimide, N-(trifluoromethylsulfonyloxy)phthalimide, N-(trifluoro- 
methylsulfonyloxy)naphthylimide, N-(trifluoromethylsulfonyloxy)diphenylmaleimide, N-(triflu- 
oromethylsulf onyloxy)-bicyclo-[2,2, 1 ]-hept-5-ene-2.3-dicarboximide, N-(trif luoromethylsulf on- 
yloxy)-7-oxabicyclo-[2,2,1]-hept-5-ene-2,3-dicarboximide, N-(trifluoromethylsuIfonyloxy)7-ox- 
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abicyclo-[2,2,1]-hept-5-ene-2,3-dicarboximide, N-(trifluoromethylsulfonyloxy)-bicyclo-[2,2,1]- 
heptan-5,6-oxy-2,3-dicaft)oximide, N-(camphanylsulfonyloxy) succinimide, N-(camphanylsul- 
fonyloxy)phthaljmide, N-(camphanylsulfonyloxy)naphthylim!de, N-(camphanylsulfonyloxy)di- 
phenylmalelmide, N-(camphanylsulfonyloxy)bicyclo-[2,2, 1 ]-hept-5-ene-2,3-dicarboximide, N- 
(camphanylsulfonylpxy)-7-oxabicyclo-[2,2, 1 ]-hept-5-ene-2,3-dicarboximide, N-(camphanyl- 
sulfonyloxy)-7-oxabicyclo-[2^, 1 ]hept-5-ene-2,3-dicarboximide, N-(camphanylsulfonyloxy)-bl- 
cyclo-[2,2,1]-heptan-5,6-oxy-2,3-dicarboximide, N-(4-methyIpheny1sulfonyloxy)succinlmide, 
^4-(4-methylphenylsulfonyloxy)phthal^mide, N-(4-methylphenylsulfonyloxy)naphthylimide, N- 

(4-methylphenylsul fonyl oxy)naphth vlimide. N-(4^methy lphenylfeutfonylnyy)riipht:.nytmq|oimide, 

N-(4-methylphenylsulfonyloxy)-bicyclo-[2,2,1 l-hept-5-ene-2,3-dicarboximide, N-(4-methylphe- 
riylsulfonyloxy)-7-oxabicydo-(2,2,13-hept-5-ene-2,3-dicarboximide, N-(4-methylphenylsulfon- 
yloxy)^bicyclo-[2,2,1]-heptan-5,6-oxy-2,3-dicarboximide, N-(2-trifIuoromethylphenyIsutfonylox- 
y)succinimide. N-(2-tiifluoromethylphenylsulfonyloxy)naphthylimide, N-(2-trifluoromethylph6- 
nylsulfonyloxy)diphenyImaleimide, N-(2-trifluoromethylphenylsulfonyloxy)-bicyclo-[2,2,1]- 
hept-5-ene-2,3-dicarboxlmide, N-(2-trffluoromethyiphenylsulfony1oxy)-7-oxabicyclo-[2,2,1]- 
hept-5-ene-2,3-dicarboxim!de, N-(2-trifluoromethylphenylsulfonyloxy)-bicyclo-[2,2,1]-heptan- 
5,6-oxy-2,3-dicarboximide and the like. 

Other suitable sulfonate compounds preferably are, for example, benzoin tosylate, pyrogallol 
tristrifiate, pyrogallolomethanesulfonic acid triester. nitoroben2yl-9.10-diethyoxyanthracene- 
2-sutfonate, a-(4-toluene-sulfonyloxyimino)-ben2yl cyanide, a-{4-toluene-sulfonyloxyimino)-4- 
methoxybenzyl cyanide, a-(4-toluene-sulfonyloxyimino)-2-thienyimethyl cyanide, a-(meth- 
anesulfonyloxyimlno)-1 -cyclohexenylacetonitrile, a-(butylsulfonyloxyimino)-1 -cyclopentenyla- " 
cetonitrile, (4-methyisultonyioxyimino-cyclohexa-2,5-dienylidene)-phenyl-acetonitrile, (5-me- 
thylsulfonyloxyimino-5H-thiophen-2-ylidene)-phenyl-acetonitrile, (5-methylsulfonyloxyimino- 
5H-thiophen-2-ylidene)-(2-methylphenyl)-acetonitrile. (5-propylsulfonyloxyimino-5H-thloph- 
6n-2-yHdene)-(2-methylphenyl)-acetonitrile, (5-(4-methylben2enesulfonyloxylmino)-5H-thlo- 
phen-2-ylidene)-(2-methylphenyl)-acetonrtrile, (5-methylsulfonyloxyimino-5H-thiophen-2-ylid- 
ene)-(2-chlorophenyl)-acetonitrlle, 2,2,2-trifIuorG-1 -(4-methoxyphenyl)-ethanone oxime-O- 
methylsulfonate. 2,2.2-trifluoro-1 -(4-methoxyphenyl)-ethanone oxime-O-propylsulfonate, 
2,2,2-trifluoro-1-(4-methoxyphenyl)-ethanone oxlme-O-(IO-camphorylsulfonate). 1 ,3-bls{4- 
(2,2,2-trtfluoro-1 -methylsulfpnyloxyimino-ethyl)-phenoxy}-propane, 1 ,3-bis{4-(2,2,2-trifluoro- 
1 -propylsulfonyloxyimino-ethyl)-phenoxy}-propane, 1 .3-bis[4-{2,2,2-trifluoro-1 -(1 0-camphor- 
ylsulf onyloxy)lmino-ethyl}-phenox]}-prGpane, 1 .3-bis{4-(2,2.2-trifluoro-1 -benzylsulfonyloxyim- 
ino-ethyl)-phenoxy}-propane, and the like. 
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In the radiation sensitive resin composition of this invention, particularly preferred sulfonate 
compounds include pyrogallolmethanesulfonic acid triester, N-(trifluoromethylsulfonyloxy)bi- 
cyclo-[2,2,1 ]-hept-5-ene-2,3-dicarboximide, N-(camphanylsulfonyloxy)naphthylimide, N-(2-tri- 
fluoromethylphenylsulfohyloxy)phthalimide, N-(trifluoromethylsulfonyloxy)-bicyclo-[2,2,1]- 
hept-5-ene-2,3-dicarboximide, N-(camphanylsulfonylpxy)naphthylimide, N-(2-trifluorometiiy)- 
phenyisulfonyloxy)phthalimide and the lil<e. 
(5) Qiiindnediazide compounds, for example 

1 ,2-quinonediazidesulfonic acid ester compounds of polyhydroxy compounds. Preferred are 
compounds having a 1 , 2-quino nediazidesulfonyl group, e.g. a 1 ,2-benzoquin onedi azide-4- 
sulfonyl group, a 1,2-naphthoquinonediazide-4-sulfonyl group, a 1 ,2-naphthoquinonedia2ide- 
5-sulfonyl group, a 1 ,2-naphthoqulnonediazide-6-sulfonyl group or the like. Particularly pre- 
ferred are compounds having a 1 ,2-naphthoquinonediazide-4-sulfonyi group or a 1,2-naphth- 
oquinonediazide-S-sulfonyl group. In particular suitable are 1 ,2-quinonediazidesulfonic acid 
esters of (poly)hydroxyphenyl aryl ketones such as 2,3,4-trihydroxybenzophenone, 2.4,6- 
trihydroxybenzophenone, 2,3,4,4'-tetrahydroxybenzophenone. 2.2',3,4-tetrahydroxybenzo- 
phenone. 2.3,4,4'-tetrahydroxybenzophenone, 2,2',4,4'-tetrahydroxybenzophenone 2,2',3- 
,4.4'-pentahydroxybenzophenone, 2,2'3,2,6'-pentahydroxybenzophenone, 2,3,3',4,4'5'-hexa- 
hydroxybenzophenone. 2,3',4,4',5'6-hexahydroxybenzophenone and the like; 1 ,2-quinonedi- 
azidesulfonic acid esters of bis-[(poly)hydroxyphenyl]alkanes such as bis(4-hydroxyphe- 
nyl)ethane, bis(2,4-dihydroxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl)propane, 2,2-bis(2,4- 
dihydroxyphenyl)propane, 2,2-bis-(2,3,4-tridroxyphenyl)propane and the like; 1 ,2-quinonedi- 
azidesuifonic acid esters of (poly)hydroxyphenylalkanes such as 4,4'-dihydroxytriphenyl- 
methane, 4,4'4''-trihydroxytriphenylmethane, , 4,4'5,5'-tetramethyl-2,2'2''-trihydroxytriphenyl- 
methane, 2,2,5,5'-tetramethyl-4,4',4"-trihydroxytriphenylmethane, 1 ,1 .1-tris(4-hydroxyphen- 
yl)ethane, 1 ,1 -bis(4-hydroxyphenyl)-1 -phenylethane, 1 , 1 -bis(4-hydroxyphenyl)-1 -(4-t1 -(hydr- 
oxyphenyl)-1-methylethyl]phenyl)ethane and the like; 1 ,2-quinonediazidesulfonic acid esters 
of (poly)hydroxyphenylflavans such as 2,4,4-trimethyl-2',4',7-trihydroxy-2-phenylflavan, 
2,4,4-trimethyl-2',4',5',6.7-pentahydroxy-2-phenylflavan and the like. 

The positive and negative photoresist composition of the present invention may optionally 
contain one or more additives (c) customarily used in photoresists in the customary amounts 
known to a person skilled in tiie art, for example, dyes, pigments, plasticizers, surfactants, 
flow improvers, wetting agents, adhesion promoters, thixotropic agents, colourants, fillers, 
solubility accelerators, acid-amplifier, photosensitizers and organic basic compounds. 
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Examples for organic basic compounds which can be used In the resist composition of the 
present invention are compounds which are stronger bases than phenol, in particular, nitro- 
gen-containing basic compounds. These compounds may be ionic, like, for example, 
tetraaikylammonium salte or non-ionic. Preferred organic basic compounds are nitrogen- 
containing basic compounds having, per molecule, two or more nitrogen atoms having dif- 
ferent chemical environments. Especially prefen-ed are compounds containing both at least 
one substituted or unsubstituted amino group and at least one nitrogen-conteining ring struc- 
ture, and compounds having at least one alkylamino group. Examples of such preferred 
compound s include guanidine, aminopyridine, amino alk ylpyridines, aminopyn-olidine. ind- 
azole, imidazole, pyrazole, pyrazine, pyrimidine, purine, Imidazoline, pyrazoline, piperazine, 
aminomprpholine, and amlnoalkylmorpholines. Suitable are both, the unsubstituted compou- 
nds or substituted derivatives thereof. Prefenred substituents include amino, aminoalkyi 
groups, alkylamino groups, aminoaryl groups, arylamino groups, alkyl groups alkoxy groups, 
acyl groups acyloxy groups aryl groups, aryloxy groups, nitro, hydroxy, and cyano. Specific 
examples of especially preferred organic basic compounds include guanidine. 1 ,1 -dimethyl- 
guanidine, 1,1,3,3-tetramethyIguanidine, 2-aminopyridine, 3-aminopyridine, 4-aminopyridine, 

2- dimethylaminopyridine, 4-dimethylarninopyridine, 2-diethylanl1nopyridine, 2-(aminomethyl)- 
pyridine, 2-amino-3-methylpyridlne, 2-amino-4-methylpyridine, 2-amino-5-methylpyridine, 2- 
aminp-6-methylpyridine, 3-amino6htylpyridine, 4-aminoethylpyridine, 3-aminopyn-olidine, pi- 
perazine. N-(2-aminoethyl)plperazine, N-(2-aminoethyl)piperidlne, 4-amino-2,2,6.6-tetrame- 
thylpiperidine. 4-piperidinoplperidine. 2-imimopiperidine, 1-(2-aminoethyl)pyrroIidine, pyrazol- 
e,. 3-amino-5-methylpyrazole, .5-amino-3-methyl-1 -p-tolylpyrazole, pyrazine. 2-(aminomethyl)- 
5-methylpyrazine, pyrimidine. 2,4-diaminopyrimidine, 4,6-dihydroxypyrimidine, 2-pyrazoline, 

3- pyrazoline. N-aminomorpholine, and N-(2-aminoethyl)morpboline. 

Other examples of suitable organic basic compounds are described in DE 4408318, 
US 5609989. US 5556734. EP 762207, DE 4306069, EP 611998, EP 813113, EP 61 1998, 
and US 5498506. However, the organic basic compounds suitable In the present invention 
are not limited to these examples. 

The nitrogen-containing basic compounds may be used alone or in combination of two or 
more thereof. The added amount of the nitrogen-containing basic compounds is usually 
from 0.001 to 10 parts by weight, preferably from 0.01 to 5 parts by weight, per 100 parts by 
weight of the photosensitive resin composition (excluding the solvent). If the amount thereof 
is smaller than 6.001 part by weight, the effects of the present invention cannot be obtained. 
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On the other hand, if it exceeds 10 parts by weight, reduced sensitivity and impaired develo- 
pabiiity at unexposed parts are liable to be caused. 

The composition can further contain a basic organic compound which decomposes under 
actinic radiation ("suicide base") such as for example described in EP 710885, US 5663035, 
US 5695855, US 5525453, and EP 61 1 998. 

Examples of . dyes (c) suitable for the compositions of the present invention are oil-soluble 
dyes and basic dyes, e.g. Oil Yellow #101, Oil Yellow #103, Oil Pink #312, Oil Green BG, Oil 
Blue BOS, Oil Blue #603, Oil Black BY, Oil Black BS, Oil Black T-505 (all manufactured by 
Orient Chemical Industries Ltd., Japan), crystal violet (CI42555), methyl violet (CI 42535), 
rhodamine B (CI 451 70B), malachite green (CI 42000), and methylene blue (CI52015). 

Spectral sensitizers (e) may be further added to sensitize the photo latent acid to exhibit ab- 
sorption in a region of longer wavelengths than far ultaviolet, whereby the photosensitive 
composition of the present invention can, for example, be rendered sensitive to an i-line or g- 
line radiation. Examples of suitable spectral sensitizers include benzophenones, p,p'-tetra- 
methyldiaminobenzophenone, p,p'-tetraethylethylaminobenzophenone, thioxanthone, 2-chlo- 
rothioxanthone, 4-propoxy-2-chloro-thioxanthone, anthrone, anthracene, 9,10-diethoxy- 
anthracene, 2-ethyl-9,10-dimethoxyanthracene, pyrene, perylene, phenothiazine, benzil, ac- 
ridine orange, benzoflavin, cetoflavin T, 9,10-diphenylanthracene, 9-fluorenone, acetophe- 
none, phenanthrene, 2-nitrofluorene, 5-nitroacenaphthene, benzoquinone, 2-chloro-4- 
nitroanlline, N-acetyl-p-nitroaniline, . p-nitroaniline, N-acetyl-4-nitro-1-naphthylamine, picra- 
mide, anthraquinone, 2-ethylanthraquinone, 2-tert-butylanthraquinone, 1 ,2-benzanthraquin- 
one, 3-methyl-1,3-diaza-1,9-benzanthrone, dibenzalacetone, 1 ,2-naphthoquinone, 3-acyl- 
coumarin derivatives, 3,3'-carbonyl-bis(5,7-dimethoxycarbonylcoumarin), 3-(aroylmethylene) 
thiazolines, eosin, rhodamine, erythrosine, and coronene. However, the suitable spectral 
sensitizers are not limited to these examples. 

These spectral sensitizers can be used also as light absorbers for absorbing the far ultraviol- 
et emitted by a light source. In this case, the light absorber reduces light reflection from the 
substrate and lessens the influence of multiple reflection within the resist film, thereby dimini- 
shing the effect of standing waves. 

Further suitable additives (c) are "acid-amplifiers", compounds that accelerate the acid for- 
mation or enhance the acid concentration. Such compounds may also be used in combina- 
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tion with the onium salts of the formulae la, lb, Ic, lla, lib or lie according to the invention in 
positive or negative resists, or In imaging systems as well as in all coating applications; 
Such acid amplifiers are described e.g. in Arimitsu, K. et al. J. Photopolym. Sci. Technol. 
1995, 8, pp 43; Kudo, K. et al. J. Photopolym. Sci. Technol. 1995, 8, pp 45; Ichimura, K. et 
al. Chem: Letters 1995, pp 551. 

Usually, for the application to a substrate of the photosensitive composition of the present in- 
vention, the composition is dissolved in an appropriate solvent. Preferred examples of these 
Jo!yentsJncLud^ibylene_dichloride^cyclohexanone,-cyclopentanoner2-hept^ 
lactone, methyl ethyl ketone, ethylene glycol monomethyl ether, ethylene glycol rrionoethyl 
ether, 2-methoxyethyl acetate, 2-ethoxyethyl acetate, 2-ethoxyethanol, diethyl glycol dimeth- 
yl ether, ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether, propyl- 
ene glycol monomethyl ether acetate, toluene, ethyl acetate, methyl lactate, ethyl lactate, 
methyl methoxypropionate, ethyl ethoxypropionate. methyl pyruvate, ethyl pynjvate, propyl 
pyruvate, N, N-dimethylformamide, dimethyl sulfoxide, N-methylpyrrolidone, and tetrahydro- 
furan. These solvents may be used alone or as mixtures. Prefen-ed examples of the solven- 
ts are esters, such as 2-methoxyethyl acetate, ethylene glycolmonoethyl ether acetate, pro- 
pylene glycol monomethyl ether acetate, methyl methoxypropionate, ethyl ethoxypropionate, 
and ethyl lactate. Use of such solvents Is advantageous because the onium salts repre- 
sented by formulae la, lb, Ic, lla, lib or lie according to the present invention have good 
compatibility therewith and better solubility therein. 

A surfactant can be added to the solvent. Examples, of suitable surfactants include honionic 
surfactants, such as polyoxyethylene alkyi ethers, e.g. polyoxyethylene lauryl ether, polyoxy- 
ethyiene stearyl ether, polyoxyethylene acetyl ether, and polyoxyethylene oleyl ether; polyox^ 
yethylene alkylaryl ethers, e.g. polyoxyethylene, octylphenol ether and polyoxyethylene non- 
ylphenor ether; polyoxyethylene/polyoxypropylene block copolymers, sorbitan/fatty acid es- 
ters, e.g. sorbitan monolaurate. sorbitan monopalmitate, sorbitan monostearate, sorbitan 
monooleate. sorbitan trioleate; fluorocherhical surfactants such as F-top EF301, EF303, and 
EF352 (manufactured by New Akita Chemical Company, Japan). Megafac F171 nad F17.3 
(manufactured by Dainippon Ink & Chemicals, Inc.. Japan), Ruoi-ad FC 430 and FC431 (ma- 
nufactured by Sumitomo #M Ltd., Japan). Asahi Guard AG710 and Surflori S-382. SCI 01. 
SCI 02, SCI 03, SCI 04, SC105 . and SCI 06 (manufactured by Asahi Grass Col, Ltd.. Jap- 
an); organosiloxane polymer KP341 (manufactured by Shin-Etsu Chemical Co., Ltd., Japan); 
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and acrylic or methacrylic (co)polymers Poly^low Now.75 and NO,95 (manufactured by 
Kyoeisha Chemical Co., Ltd., Japan). The added amount of the surfactant usually is 2 parts 
by weight or lower, desirably 0.1 part by weight or lower, per 100 parts by weight of the solid 
components of the composition of the present invention. The surfactants may be added alo- 
ne or in combination of two or more thereof. 

the solution is uniformly applied to a substrate by means of known coating methods, for ex- 
ample by spin-coating, immersion, knife coating, curtain coating techniques, bnjsh applica- 
tion, spraying and roller coating. It is als o pos sible to app ly the photosensitive layer to a 
temporary, flexible support and then to coat the final substrate by coating transfer (lami- 
nating). 

The amount applied (coating thickness) and the nature of the substrate (coating substrate) 
are dependent on the desired field of application. The range of coating thicknesses can In 
principle include values from approximately 0.01 |j.m to more than 100 jun. 

After the coating operation generally the solvent is removed by heating, resulting in a layer of . 
the photoresist on the substrate. The drying temperature must of course be lower than the 
temperature at which certain components of the resist might react or decompose. In general, 
drying temperatures should are in the range from 60 to 160 "^C. 

The resist coating is then irradiated image-wise. The expression "image-wise irradiation" in- 
cludes irradiation in a predetermined pattern using actinic radiation, i.e. both irradiation 
through a mask containing a predetermined pattern, for example a transparency, a chrome 
mask or a reticle, and irradiation using a laser beam or electron beam that writes directly 
onto the resist surface, for example under the control of a computer, and thus produces an 
image. Another way to produce a pattern is by interference of two beams or images as used 
for example in holographic applications. It is also possible to use masks made of liquid crys- 
tals that can be addressed pixel by pixel to generate digital images, as is, for example de- 
scribed by A. Bertsch; J.Y. Jezequel; J.C. Andre in Journal of Photochemistry and Photo- 
biology A: Chemistry 1997, 107 pp. 275-281 and by K. P. Nicolay in Offset Printing 1997, 6, 
pp. 34-37. 
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After the irradiation and, if necessary, themrial treatment, the in-adiated sites (in the case of 
positive resists) or Vne non-in^diated sites (in the case of negative resists) of the composition 
are removed In a manner l<nown per se using a developer. 

In order to accelerate the catalytic reaction and hence Vne development of a sufficient differ- 
ence In solubility between the irradiated and unirradiated sections of Vne resist coating In the 
developer, the coating is preferably heated before being developed. The heating can also 
be canied out or begun during tiie inadiation. Temperatures of from 60 to ISCC are prefer- 
ably used. The period of time depends on tiie heating method and, If necessary, the optim- 
um period can be determ ined easily by a person skilled in the art by means of a ft>w routine 
experiments. It is generally from a few seconds to several minutes. For example, a period 
of from 10 to 300 seconds Is very suitable when a hotplate is used and from 1 to 30 minutes 
when a convection oven is used. It Is Important for tiie latent acid donors according to the 
Invention In the unirradiated sites on the resist to be stable under ttiose processing conditi- 
ons. 

The coating is then developed, the portions of the coating that,.after inadlation, are more so- 
luble In Vne developer being removed. If necessary, slight agitation of tiie workpiece, gentie 
brushing of tiie coating In tiie developer bath or spray developing can accelerate tiiat pro- 
cess step. The aqueous-alkaline developers customary In resist technology may, for exam- 
ple, be used for tiie development. Such developers comprise, for example, sodium or potas- 
sium hydroxide, the corresponding carbonates, hydrogen carbonates, silicates or metasillcat- 
es, but preferably metal-free bases, such as ammonia or amines, for example ethylamine, n- 
propylamine, diethylamine. di-n-propylamine, trietiiylamine, metiiyl diethylamlne, alkanolami- 
nes, for example dimethyl ethanolamine, triettianolamlne, quaternary ammonium hydroxides, 
for example tetramethylammonium hydroxide or tetraettiylammonium hydroxide. The deve- 
loper solutions are generally up to 0.5 N, but are usually diluted In suitable manner before 
use. For example soluti'ons having a normality of approximately 0.1-0.3 are well suited. The 
choice of developer depends on tiie nature of the photocurable surface coating, especially 
on the nature of tiie binder used or of Vne resulting photolysis products. The aqueous devel- 
oper solutions may. If necessary, also comprise relatively small amounts of wetting agents 
and/or organic solvents. Typical organic solvents tiiat can be added to the developer fluids 
are. for example, cyclohexanone. 2-ethoxyetiianol. toluene, acetone, isopropanol and also 
mixtures of two or more of tiiese solvents. A typical aqueous/organic . developer system is 
based on Butylcellosolve"™/water. 



OOCID:<WO_6246S07A2.I > 



wo 02/46507 



PCT/EPOl/13725 



-46- 



Subject of the invention also is a process for the preparation of a photoresist by 

(1) applying to a substrate a composition as described above; 

(2) post apply baking the composition at temperatures between 60°C and 160''C; 

(3) image-wise irradiating with light of wavelengths between 150 nm and 1500 nm; 

(4) optionally post exposure baking the composition at temperatures between 60°C and 
160°C; and . 

(5) developing with a solvent or with an aqueous alkaline developer. 



Preferred is a process, wherein the image-wise irradiation is carried out with monochromatic 
or polychromatic radiation in the wavelength range from 157 to 450 nm, in particular in the 
range from 1 90 to 260 nm. 

The photoresist compositions can be used on ad substrates and with all exposure techniques 
known to the person skilled in the art. For example, semiconductor substrates can be used, 
such as silicon, gallium arsenide, germanium, indium antimonide; furthermore substrates 
covered by oxide or nitride layers, such as silicon dioxide, silicon nitride, titanium nitride, si- 
ioxanes, as well as metal substrates and metal coated substrates with metals such as alu- 
minium, copper, tungsten, etc. The substrate can also be coated with polymeric materials, 
for example with organic antireflective coatings, insulation layers and dielectric coatings from 
polymeric materials prior to coating with the photoresist. 

The photoresist layer can be exposed by all common techniques, such as direct writing, i.e. 
with a laser beam or projection lithography in step-and repeat mode ore scanning mode, or 
by contact printing through a mask. 

In case of projection lithography a wide range of optical conditions can be used such as co- 
herent, partial coherent or incoherent irradiation. This includes off-axis illumination tech- 
niques, for example annular illumination and quadrupol illumination where the radiation is al- 
lowed to pass only certain regions of the lens, excluding the lens center. 

The mask used to replicate the pattern can be a hard mask or a flexible. mask. The mask 
can include transparent, semitrarisparent and opaque patterns. The pattern size can include 
also patterns which are at or below the resolution limit of the projection optics and placed on 
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the mask in a certain way in order to modify tiie aerial image, intensity and phase modulation 
of ttie irradiation after iiaving passed the mask. This includes phase shift masks and half- 
tone phase shift masks. 

The patteming process of the photoresist composition can be used to generate patterns of 
any desired geometry and shape, for example dense and isolated lines, contact holes, 
trenches, dots, etc. 

— Ihe-PhQtoresisls..accocdingia.theJaventlon-have-exceilent-Ht^ 

lar a high sensitivity, and high resist transparency for the imaging radiation. 

Possible areas of use of the composition according to the Invention are as follows: use as 
photoresists for electronics, such as etching resists; electroplating resists or solder resists, 
the manufacture of integrated circuits or thin film transistor-resist (TFT); the manufacture of 
printing plates, such as offset printing plates or screen printing stencils, use in the etching of 
moulding^ or in stereolithography or holography techniques. The coating substrates and 
processing conditions vary accordingly. 

The compositions according to the invention are also outstandingly suitable as coating com- 
positions for substrates of all types, including wood, textiles, paper, ceramics, glass, plastics, 
such as polyesters, polyethylene terephthalate, polyoleflns or cellulose acetate, especially in 
the form of films, but especially for coating metals, such as Ni, Fe, Zn, Mg, Co or especially 
Cu and Al, and also Si, silicon oxides or nitrides, to which an image is to be applied by 
means of image-wise irradiation. 

The invention relates also to the use of compounds of fonnula la, lb, Ic, lla, lib or lie as 
photo-latent acid donors In compositions that can be crosslinked under the action of an add 
and/or as dissolution enhancers in compositions wherein the solubility Is Increased under the 
action of an acid. 

Subject of the invention further is a process of crossllnking compounds that can be crosslink- 
ed under the action of an acid, which method comprises adding a compound of formula la, 
lb, Ic, lla, lib and/or lie to the above-mentioned compounds and irradiating Imagewise or 
over the whole area with light having a wavelength of 1 50-1 500 nm. 
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The invention relates also to the use of compounds of formulae la, lb, Ic, lla, lib or lie as 
photosensitive acid donors in the preparation of surface coatings, printing inks, printing 
plates, dental compositions, colour filters, resists or image-recording materials, or Image- 
recording materials for recording holographic images, as well as to a process for the prepa- 
ration of of surface coatings, printing inks, printing plates, dental compositions, colour filters, 
resist materials or image-recording materials, or image-recording materials for recording 
holographic images. 

Subject of the invention is also the use of compounds of formulae la, lb, Ic, ila, lib or lie as 
photosensitive a cid do nor s in t he preparation of colour filters or chemically amplified resist 
materials. 

As already mentioned above, In photocrosslinkable compositions, onium salts act as latent 
curing catalysts: when irradiated with light they release acid which catalyses the crossHnking 
reaction. In addition, the acid released by the radiation can, for example, catalyse the re- 
moval of suitable acid-sensitive protecting groups from a polymer structure, or the cleavage 
of polymers containing acid-sensitive groups in the polymer backbone. Other applications 
are, for example, colour-change systems based on a change in the pH or in the solubility of, 
for example, a pigment protected by acid-sensitive protecting groups. 

Onium salts according to the present invention can also be used to produce so-called "print- 
our images when the compound is used together with a colourant that changes colour when 
the pH changes, as described e.g. in JP Hei 4 328552-A or in US 5237059. Such color- 
change systems can be used according to EP 199672 also to monitor goods that are sen- 
sitive to heat or radiation. 

In addition to a colour change, it is possible during the acid-catalysed deprotection of soluble 
pigment molecules (as described e.g. in EP 648770, EP 648817 and EP 742255) for the pig- 
ment crystals to be precipitated; this can be used in the production of colour filters as descri- 
bed e.g. in EP 654711 or print out images and indicator applications, when the colour of the 
latent pigment precursor differs from that of the precipitated pigment crystal. 

Compositions using pH sensitive dyes or latent pigments in combination with onium salts can 
be used as indicators for electromagnetic radiation, such as gamma radiation, electron 
beams, UV- or visible light, or simple throw away dosimeters. Especially for light, that is in- 
visible to the human eye, like UV- or IR-light, such dosimeters are of interest. 
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Rnally, onium safts that are sparingly soluble In an aqueous-alkaline developer can be ren- 
dered soluble In the developer by means of light-induced conversion into the free acid, with 
the resujt that they can be used as solubility enhancers in combination with suitable film-for- 
ming resins. 

Resins which can be crosslinked by acid catalysis and accordingly by the photolatent acids 
of fonnula la, lb, Ic, lla, lib or lie are, for example, mixtures of polyfunctional alcohols or hy- 
droxy-grou p-contajni ng acrylic a nd polyester resins, or partially hydrolysed pnlyvinyignotah 
or polyvinyl alcohols with polyfunctional acetal derivatives. Under certain conditions, for ex- 
ample the acid-catalysed.self-condensation of acetal-functionallsed resins is also possible. 

Suitable acid-curable resins in general are all resins whose curing can be accelerated by ac- 
id catalysts, such as aminoplasts or phenolic resole resins'. These resins are for example 
melamine, urea, epoxy, phenolic, acrylic, polyester and alkyd resins, but especially mixtures 
of acrylic, polyester or alkyd resins with a melamine resin. Also included are modified surfa- 
ce-coating resins, such as acrylic-modified polyester and alkyd resins. Examples of individu- 
al types of resins that are covered by the expression acrylic, polyester and alkyd resins are 
described, for example, in Wagner, Sarx. Lackkunstharze (Munich, 1971), pp. 86-123 and 
pp. 229-238, or in Ullmann, Encyclopadie der techn. Chemie, 4th Ed., Vol. 15 (1978), pp. 
613-628, or Ullmann's Encyclopedia of Industrial Chemistry, Verlag Chemie, 1991, Vol. 18, 
p. 360 ff.. Vol. A19, p. 371 ff.. 

In coating applications the surface coating preferably comprises an amino resin. Examples 
thereof are etherifled or non-etherified melamine, urea, guanidine or biuret resins. Acid ca- 
talysis Is especially important in the curing of surface coatings comprising etherified amino 
resins, such as methylated or butylated melamine resins (N-methoxymethyl- or N-butoxyme- 
thyl-melamine) or methylated/butylated glycolurils. Examples of other resin compositions are 
mixtures of polyfunctional alcohols or hydroxy-group-containing acrylic and polyester resins, 
or partially hydrolysed polyvinyl acetate or polyvinyl alcohol with polyfunctional dihydropro- 
panyl derivatives, such as derivatives of 3,4-dihydro-2H-pyran-2-carboxylic acid. Polysilpx- 
anes can also be crosslinked using acid catalysis. These siloxane group-containing resins 
can, for example, either undergo self-condensation by means of acid-catalysed hydrolysis or 
be crosslinked with a second component of the resin, such as a polyfunctional alcohol, a hy- 
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droxy-group-containing acrylic or polyester resin, a partiairy hydrolysed polyvinyl acetal or a 
polyvinyl alcohol. This type of polycondensation of polysiloxanes is described, for example, 
in J.J. Lebrun, H. Pode, Comprehensive Polymer Science, Vol. 5, p. 593, Pergamon Press, 
Oxford, 1989. Other cationically polymerisable materials that are suitable for the preparation 
of surface coatings are ethylenicaily unsaturated compounds polymerisable by a cationic 
mechanism, such as vinyl ethers, for example methyl vinyl ether, isobutyi vinyl ether, trimeth- 
ylolpropane trivinyl ether, ethylene glycol divlnyl ether; cyclic vinyl ethers, for example 3,4-di- 
hydro-2-formyl-2H-pyran (dimeric acrolein) or the 3,4-dihydro-2H-pyran-2-carboxylic acid es- 
ter of 2-hydroxymethyl-3,4-dihydro-2H-pyran; viriyl esters, such as vinyl acetate and vinyl 
stearate, mono- and di-olefins, such as a-methylstyrene, N-vinylpyrrolidone or N-vinylcarbaz- 
ole. 

For certain purposes, resin mixtures having monomeric or oligomeric constituents containing 
polymerisable unsaturated groups are used. Such surface coatings can also be cured using 
compounds of formula la, lb, Ic, lla, lib or lie. in that process, radical polymerisation initia- 
tors or photoinitiators can additionally be used. The former initiate polymerisation of the un- 
saturated groups during heat treatment, the latter during UV irradiation. 

The invention also relates to a composition comprising 

(a) a compound which cures upon the action of an acid or a compound whose solubility is in- 
creased upon the action of an acid; and 

(b) as photosensitive acid donor, at least one compound of the formula la, lb, Ic, lla, lib or lie 
as described above. 

The compounds of formulae la, lb, Ic. lla, lib or lie respectively, are generally added to the 
compositions In an amount from 0.1 to 30 % by weight, for example from 0.5 to 10 % by 
weight, especially from 1 to 5 % by weight. 

According to the invention, the compounds of formula la, lb, Ic, lla, lib or lie can be used to- 
gether with further photosensitive acid donor compounds (b1), further photoinitiators (d), 
sensitisers (e) and/or additives (c). 

Suitable photosensitive acid donor compounds (b1), sensitizers (e) and addtives (c) are de- 
scribed above. 
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Examples of additional photoinrtiators (d) are radical photoinitiators, such as those from the 
class of the benzophenones, acetophenone derivatives, such as a-hydroxycycioalkylphenyl 
ketone, dialkoxyacetophenone, a-hydroxy- or a-amino-acetophenone, 4-aroyl-1 ,3-dioxolans, 
benzoin alkyi ethers and benzil ketals, monoacylphosphlne oxides, bisacylphosphine oxides 
or titanocenes. Examples of especially suitable additional photoinitiators are: 1-(4-dodecyi- 
benzoyl)-1-hydroxy-1.-methyl-€thane, 1-(4-isopropylben2oyl)-1-hydroxy-1 -methyl-ethane, 1- 
benzoyl-1 -hydroxy-1 -methyl-ethane, 1 -[4r(2-hydroxyethoxy)-benzoyl]-1 -hydroxy-1 -methyl- 
ethane, 1-[4-(acryloyloxyethoxy)-benzoyl]-1-hydroxy-1 -methyl-ethane, diphenyl ketone, phe- 
■ nyl-1-hydroxy-cycloh exyl keto ne. (4- morpholinobenzovl )-1-benzv l-1-dimethylamino-propane, 
1 -(3,4-dimefhoxyphenyl)-2-benzyl-2-dimethylamino-butan-1 -one, (4-methytthiobenzoyl)-1 - 
methyl-1-morpholino-ethane, benal dimethyl ketal, bis(cyclopentadienyl)-bis(2,6-difluoro-3- 
pynyl-phenyl)tltanium. 2,4,6-trimethylbenzoyldiphenylphosphine o)dde, bis(2,6-dimethoxy- 
benzoyl)-(2,4,4-trimethyl-pentyl)-phosphlne oxide. bis(2,4.6-trimethyIbenzoyl)-2.4-dipentyl- 
oxyphenyl-phosphine oxide or bis(2,4,6-trimethylbenzoyl)phenyl-phosphine oxide. Further 
suitable additional photoinitiators are to be found in US 4950581, column 20, lihe 35 to col- 
umn 21, line 35. Other examples are trihalomethyttriazine derivatives or hexaarylbisimidazol- 
yl compounds. Further examples for additional photoinitiators are borate compounds, as for 
example described in US 4772530, EP 7757O6, GB 2307474, GB 2307473 and GB 
2304472. The borate compounds preferably are used in combination with electron acceptor 
compounds, such as, for e)®mple dye cations, or thioxanthone derivatives. 

Further examples of additional photoinitiators are peroxide ccwnpounds, e.g. benzoyl peroxi- 
de (other suitable peroxides are described In US 4950581, col. 19, 1. 17-25) orcationic pho- 
toinitiators, such as aromatic sulfonium or lodonium salts, such as tiiose to be found in 
US 4950581. col. 18, 1. 60 to coL 19, I. 10, or cycloperttadienyl-arene-iron(ll) complex salts, 
for example (Ti®-isopropylbenzene)(Ti^-cyclopentadienyl)-iron(ll) hexafluorophosphate. . 

The surface coatings may be solutions or dispersions of the surface-coating resin in an orga- 
nic solvent or in water, but they may also be solventless. Of special interest are surface coa- 
tings having a low solvent content, so-called "high solids surface coatings", and powder coat- 
ing compositions. The surface coatings may be clear lacquers, as used, for example, in the 
automobile industiy as finishing lacquers for multilayer coatings. They may also comprise 
pigments and/or fillers, which may be inorganic or organic compounds, and metal powders 
for metal effect finishes. 
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The surface coatings may also comprise relatively small amounts of special additives custo- 
mary in surface-coating technology, for example flow improvers, thixotropic agents, leveling 
agents, antifoaming agents, wetting agents, adhesion promoters, light stabilisers, antiojd- 
dants, or sensitisers. 

UV absorbers, such as those of the hydroxyphenyl-benzotriazole, hydroxyphenyl-benzophe- 
none, oxalic acid amide or hydroxyphenyl-s-triazine type may be added to the compositions 
. ^.9?°L^I"5-Ao the Invention as lig ht stab ilisers. Individual compounds or. mixtures of those_ 
compounds can be used vwth or without the addition of sterically hindered amines (HALS). 

Examples of such UV absorbers and light stabilisers are 

1 ■ 2-^2'-HvdroxvDhen vn-benzotriazoles . such as' 2-(2'-hydroxy-5'-methylphenyl)-benzotria- 
zole, 2-(3',5'-di-tert-butyl-2'-hydroxyphenyl)-benzotriazole, 2-(5'-tert-butyl-2'-hydroxyphenyl)- 
benzotriazole, 2-(2'-hydroxy-5'-(1,1,3,3-tetramethylbutyl)phenyl)-benzotriazole, 2-(3',5'-di-t- 
butyl-2'-hydroxyphenyl)-5-chloro-benzotriazole, 2-(3'-tert-butyl-2'-hydroxy-5'-methylphenyl)-5- 
chloro-benzotriazole, 2-{3'-sec-butyl-5'-tert-butyl-2'-hydroxyphenyl)-benzotriazole, 2-{2-hydr- 
oxy-4'-octyloxyphenyl)-benzotria2ole, 2-(3',5'-di-tert-amyl-2'-hydroxyphenyl)-benzotriazole, 2- 
(3',5'-bis-(a,a-dimethyIbenzyl)-2'-hydroxyphenyl)-benzotriazole, mixture of 2-(3'-tert-butyl-2'- 
hydroxy-5'-(2-octyloxycarbonylethyl)phenyl)-5-chloro-ben20triazole, 2-{3'-tert-butyl-5'-[2-(2- 
ethyl-hexyloxy)-carbonylethyl]-2'-hydroxyphenyl)-5-chloro-benzotriazole, 2-(3'-tert-butyl-2'-hy- 
droxy-5'-(2-methoxycarbonylethyl)phenyl)-5-chloro-benzotriazole. 2(3'-tert-butyl-2'-hydroxy- 
5'-(2-methoxycarbonylethyl)phenyl)-benzotriazole, 2-(3'-tert-butyl-2'-hydroxy-5'-(2-octyloxy- 
carbonylethyOphenyO-benzotriazole, 2-(3'-tert-butyl-5'-[2-(2-ethylhexyloxy)carbonyfethyl]-2'- 
hydroxyphenyi)-benzotriazole, 2-(3'-dodecyi-2'-hydroxy-5'-methylphenyl)-benzotriazole and 
2-(3'-tert-butyl-2'-hydroxy-5'-(2-isooctyloxycarbonylethyl)phenyl-benzotriazole, 2,2'-methyle- 
ne-bis[4-(1,1,3,3-tetramethylbutyl)-6-benzotria2ol-2-yl-phenol]; transesterification product of 
2-[3'-tert-butyl-5'-(2-methoxycarbonylethyl)-2'-hydroxy-phenyl]-ben2otria2ole with polyethyle- 
ne glycol 300; [R-CH2CH2-COO(CH2)3l2- wherein R = 3'-tert-butyl-4'-hydroxy-5'-2H-ben20tri- 
azol-2-yl-phenyl. 

2. 2-Hvdroxvben20DhenQnes. such as the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-decyloxy, 4- 
dodecyloxy, 4-benzyloxy, 4,2'.4'-trihydroxy or 2'-hydroxy-4,4'-dlmethoxy derivative. 

3. Esters of unsubstituted or su bstituted benzoic acids, such as 4-tert-butyl-phenyl saiicyiate, 
phenyl salicylate, octylphenyl salicylate, dibenzoylresorcinol, bis(4-tert-butylbenzoyl)resorcln- 
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ol, benzoylresorclnol, 3,5-di-tert-butyl-4-hydroxybenzolc acid 2,4-di-tert-butylphenyl ester, 
3,5-di-tert-butyl-4-hydroxybenzoic acid hexadecyl ester, 3,5-di-tert-butyl-4-hydroxybenzoic 
acid octadecyl ester, 3,5-di-tert-butyl-4-hydroxybenzoic acid 2-metliyl-4,6-di-tert-butylplienyl 
ester. 

4. Acrylates, such as a-cyano-b,b-dipiienylacrylic acid etinyl ester or isooctyl ester, a-carbo- 
methoxy-cinnamic acid methyl ester, a-cyano-b-methyl-p-methoxy-cinnamic acid methyl es- 
ter or butyl ester, a-carbomethoxy-p-methoxy-cinnamic acid methyl ester, N-(b-carbometh- 
oxy-b-cyanovinyl)-2-methyl-indoline. 

5. Stericallv hindered amines, aunh as hiR(9,9,fi,R-tP>trgmothyi-p|pi:>ririy|)c.>=>^fa,~^tr, bic(2,2,6,C 
tetramethyl-piperidyl)succinate, bis(1 ,2,2,6,6-pentamethylpiperidyl)sebacate. n-butyl-3,5-di- 
tert-butyl-4-hydroxybenzyl-malonic acid bis(1,2,2,6,6-pentamethylpiperidyl) ester, conden- 
sation product of 1-hydroxyethyl-2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid, 
condensation product of N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl)hexamethylenediamine and 
4-tert-octylamino-2,6-dichloro-1,3,5-s-triazine, tris(2,2,6,6-tetramethyl-4-piperidyl)nitrilotriace- 
tate, tetrakis(2.2,6,6-tetramethyl-4-plperidyl)-1 ,2,3,4-butanetetraoate, 1 ,1 ,2-ethanediyl)- 
bls(3,3,5,5-tetramethyl-piperazinone), 4-ben2oyl-2,2,6,6-tetramethylpiperidlne, 4-stearyloxy- 
2,2,6,6-tetramethylpiperidine, bis(1,2,2,6,6-pentamethylpiperidyl)-2-n-butyl-2-(2-hydroxy-3,5- 
di-tert-butylbenzyl) malonate, 3-n-octyl-7,7,9,9-tetramethyl-1 ,3,8-triazaspiro[4,51decane-2,4- 
dlone, b,is(1 -octyloxy-2,2,6,6-tetraniethyipiperidyl)sebacate, bis(1 -octyloxy-2.2,6,6-tetrameth- 
ylpiperidyl)succinate, condensation product of N,N'-bis(2,2,6,6-tetra-methyl-4-piperidyi)hexa- 
methylenediamine and 4-morpholino-2,6-dichloro-1,3,5-triazine, condensation product of 2- 
chioro-4,6-di(4-n-butylaminq-2,2,6.6-tetramethylpiperidyt)-1 ,3,5-triazine and 1 ,2-bis(3-amino- 
propylamino)ethane, condensation product of 2-chloro-4,6-di(4-n-butylamino-1, 2.2,6, 6-pen- 
tamethylpiperidyl)-1,3,.5-triazine and 1,2-bis(3-aminopropylamino)ethane, 8-acetyl-3-dodecyl- 
7,7,9,9-tetramethyl-1 ,3.8-triazaspiro[4.5]decane-2,4-dione. 3-dodecyl-1 -(2,2,6,6-tetramethyl- 

4-piperidyl)pyn-olidine-2,5-dione, 3-dodecyl-1-(1,2,2.6,6-pentamethyl-4-piperidyl)-pyrrolidine- 
2,5-dione. 

6. Oxalic acid diamides, such as 4,4'-dioctyloxy-oxanilide, 2,2'-diethoxy-oxanilide, 2,2'-di-oc- 
tyloxy-5,5'-di-tert-butyl-oxaniiide, 2,2'-didodecyloxy-5,5'-di-tert-butyl-oxanilide, 2-ethoxy-2'- 
ethyl-oxanilide, N,N'-bis(3-dimethylaminopropyl)oxalamide, 2-ethoxy-5-tert-butyl-2'-ethyloxa- 
nillde and a mixture thereof with 2-ethoxy-2'-ethyl-5,4'-di-tert-butyl-oxanillde, mixtures of o- 
and p-methoxy- and of o- and p-ethoxy-di-substituted oxanilides. 

7. 2-(2-Hvdroxvphenvn-1 .3.5-triazines, such as 2,4,6-tris(2-hydroxy-4-octyloxyphenyl)-1 ,3,5- 
triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2.4-dimethylphenyl)-1 ,3.5-triazine, 2-(2,4-di- 
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hydroxyphenyl)-4,6-bjs(2,4<iimethylphenyl)-1 AS-triazine, 2,4-bis{2-hydroxy-4-propyloxy- 
phenyl)-6-(2,4-dimethylphenyl)-1,3,5-tria2ine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bls(4-meth- 
ylphenyi)-1 .3,5-triazine, 2-(2-hydroxy-4-dodecyloxyphenyl)-4,6-bis(2,4-dimetfiylphenyl)-1 ,3,5- 
triazine, 2-[2-hydroxy-4-{2-hydroxy-3-butyloxy-propyloxy)phenyl]-4,6-bis(2,4-dimet^^ 
yl)-1, 3,5-triazine, 2-[2-hydroxy-4-(2-hydroxy-3-octyloxy-propyloxy)phenylH,6-bis(2,4^ 
ylphenyl)-1 , 3,5-triazine, 2-[4-dodecyl-/tridecyl-oxy-(2-hydroxypropyl)oxy-2-hydroxy-phenyl]- 
4.6-bis(2,4-dimethylphenyl)-1 ,3,5-triazine. 

8. Phosphites and phosplionites . such as triphenyl phosphite, diphenyl aikyi phosphites, phe- 
nyl dialkyi phosp hites, t ris(nonylphenyl) phosphite, trilauryl phosphite, trioctadecyl phosphite, 
distearyl-pentaerythritol diphosphite, tris(2,4-di-tert-butylphenyl) phosphite, diisodecytpenta- 
erythritol diphosphite, bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite, bis(2,6-di-tert- 
butyl-4-methyIphenyl)pentaerythritoi diphosphite, bis-isodecyloxy-pentaerythritol diphosphite, 
bis(2.4-di-tert-butyl-6-methylphenyl)pentaerythritol diphosphite, bis-(2.4,6-tri-tert-butylphen- 
yl)pentaerythritol diphosphite, tristearyl-sorbitol triphosphite, tetrak!s(2,4-di-tert-butylphenyi)- 
4,4'-biphenyiene diphosphonite, 6-isooctyloxy-2,4,8,1 0-tetra-tert-butyl-1 2H-dibenzo[d,g]- 
1 ,3,2-dioxaphosphocine, 6-f iuoro-2,4,8,1 0-tetra-tert-butyl-1 2-methyl-dibenzo[d,g]-1 ,3,2-diox- 
aphosphocine, bis(2,4-di-tert-butyl-6-methylphenyl)methyl phosphite, bis(2,4-di-tert-butyl-6- 
methylphenyl)ethyl phosphite. 

Such light stabilisers can also be added, for example, to an adjacent surface-coating layer 
from which they gradually diffuse into the layer of stoving lacquer to be protected. The adja- 
cent surface-coating layer may be a primer under the stoving lacquer or a finishing lacquer 
over the stoving lacquer. 

It is also possible to add to the resin, for example, photosensitisers which shift or increase 
the spectral sensitivity so that the irradiation period can be reduced and/or other light sour- 
ces can be used. Examples of photosensitisers are aromatic ketones or aromatic aldehydes 
(as described, for example, in US 4017652), 3-acyl-coumarins (as described, for example, in 
US 4366228, EP 738928. EP 22188), keto-coumarines (as described e.g. in US 5534633, 
EP 538997, JP 8272095-A). styryl-coumarines (as described e.g. in EP 624580), 3-(aroylme- 
thylene)-thlazolines, thioxanthones, condensed aromatic compounds, such as perylene, aro- 
matic amines (as described, for example, in US 4069954 or WO 96/41237) or cationic and 
basic colourants (as described, for example, in US 4026705). for example eosine, riiodanine 
and erythrosine colourants, as well as dyes and pigments as described for example in JP 
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8320551-A. EP 747771. JP 7036179-A. EP 619520, JP6161109-A. JP 6043641; JP 
6035198-A, WO 93/15440, EP 568993, J P 5005005- A, JP 5027432-A. JP5301910-A, JP 
4014083-A, JP 42941 48-A, EP 359431. EP 103294, US 4282309, EP 39025, EP 5274, EP 
72771 3, EP 726497 or DE 2027467. 

Other customary additives are - depending on the intended use - optical brighteners, fillers, 
pigments, colouranfe, wetting agents or flow improvers and adhesion promoters 

_Poti_cyringjhickaD.d_p.i^^ 

glass fibres, as described in US 5013768, is suitable. 

Onium salts can also be used, for example, in hybrid systems. These systems are based on 
formulations that are fully cured by two different reaction mechanisms. Examples thereof 
are systems that comprise components that are capable of undergoing an acid-catalysed 
crosslinking reaction or polymerisation reaction, but that also comprise further components 
that crosslink by a second mechanism. Examples of the second mechanism are radical full 
cure, oxidative crosslinking or humidity-initiated crosslinking. The second curing mechanism 
may be Initiated purely thermally, if necessary with a suitable cataiyst, or also by means of 
light using a second photolnitiator. Suitable additional photoinitiators are described above. 

If the composition comprises a radically crosslinkable component, the curing process, espe- 
cially of compositions that are pigmented (for example with titanium dioxide), can also be as- 
sisted by the addition of a component that is radical-fonning under thennal conditions, such 
as an azo compound, for example 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile), a triaze- 
ne, a diazosulfide, a pentazadiene or a peroxy compound, such as, for example, a hydroper- 
oxide or peroxycarbonate, for example tert-butyl hydroperoxide, as described, for example, 
in EP 246639. The addition of redox initiators, such as cobalt salts, enables the curing to be 
assisted by oxidative crosslinking with oxygen from the air. 

The surface coating can be applied by one of the methods customary in the art, for example 
by spraying, painting or immersion. When suitable surface coatings are used, electrical ap- 
plication, for example by anodic electrophoretic deposition , is also possible. After drying, 
the surface coating film is irradiated. If necessary, the surface coating film is then fully cured 
by means of heat treatment. 



ocxio: <wo 024esa7A9 i > 



wo 02/46507 



PCT/EPOl/13725 



-56- 



The compounds of formulae la, lb, Ic, lla, lib or lie can also be used for curing mouldings 
made from composites. A composite consists of a self-supporting matrix material, for exam- 
ple a glass fibre fabric, impregnated with the photocuring formulation. ■ 

It is known from EP 592139 that onium salts can be used as acid generators, which can be 
activated by light in compositions that are suitable for the surface treatment and cleaning of 
glass, aluminium and steel surfaces. The use of such compounds in organosiiane systems 
resu lts iri_<x)mposition^ that have signific antly be tter stor age stability than those obtained 
when the free acid is used. The compounds of formula la, lb, Ic, lla, lib or lie are also suit- 
able for this application. 

The onium salts of the present invention can also be used to shape polymers that undergo 
an acid induced transition into a state where they have the required properties using pho- 
tolithography. For instance the onium salts can be used to pattern conjugated emissive 
polymers as described, for example, in M.L Renak; C. Bazan; D, Roitman; Advanced ma- 
terials 1997, 9, 392. Such patterend emissive polymers can be used to manufacture micro- 
scalar patterned Light Emitting Diodes (LED) which can be used to manufacture displays 
and data storage media. In a similar way precursors for polyimides (e.g. polyimid precursors 
with acid labile protecting groups that change solubility in the developer) can be irradiated to 
form patterned polyimide layers which can serve as protective coatings, insulating layers and 
buffer layers in the production of microchips and printed circuit boards. 

The formulations of the invention may also be used as confomnal coatings, photoimagable 
insulating layers and dielectrics as they are used in sequential build up systems for printed 
circuit boards, stress buffer layers and in the manufacturing of integrated circuits. 

It is known that conjugated polymers like, e.g. polyanilines can be converted from semicon- 
ductive to conductive state by means of proton doping. The onium salts of the present in- 
vention can also be used to imagewise irradiate compositions comprising such conjugated 
polymers in order to form conducting structures (exposed areas) embedded in insulating ma- 
terial (non exposed areas). These materials can be used as wiring and connecting parts for 
the production of electric and electronic devices. 
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Suitable radiation sources for the compositions comprising compounds of formula la, lb, Ic, 
lla, lib or lie are radiation sources that emit radiation of a wavelength of approximately from 
150 to 1500, for example from 180 to 1000, or preferably from 190 to 700 nanometers as 
well as e-beam radiation and high-energy electromagnetic radiation such as X-rays. Both, 
point sources and plsmifonn projectors (lamp carpets) are suitable. Examples are: carbon 
arc lamps, xenon arc lamps, medium pressure, high pressure and low pressure mercury 
lamps, optionally doped with metal halldes (metal hallde lamps), microwave-excited metal 
vapour lamps, exdmer lamps, superactinic fluorescent tubes, fluorescent lamps, argon fila- 
ment lamps, e lectronic flash la m ps, photo graphic flood lights , eler tmn hftamR a pd X-ray 
beams generated by means of synchrotrons or laser plasma. The distance between the ra- 
diation source and the substrate according to the invention to be irradiated can vary, for ex- 
ample, fron? 2 cm to 150 cm, according to the Intended use and the type and/or strength of 
the radiation source. Suitable radiaiton sources are especially mercury vapour lamps, espe- 
cially medium and high pressure mercury lamps, from the radiation of which emission lines 
at other wavelengths can, if desired, be filtered out. That is especially the case for relatively 
short wavelength radiation. It is, however, also possible to use low energy lamps (for exam- 
ple fluorescent tubes) that are capable of emitting in the appropriate wavelength range. An 
example thereof is the Philips TL03 lamp. Another type of radiation source that can be used 
are the light emitting diodes (LED) that emitt at different wavelengths throughout the whole 
spectrum either as small band emitting source or as broad band (white light) source. Also 
suitable are laser radiation sources, for example excimer Isisers, such as Kr-F lasers for irra- 
diation at 248 nm, Ar-F lasers at 193 nrh, or Fg laser at 157 nm. Lasers in the visible range 
and in the infrared range can also be used. Especially suitable is radiation of the mercury i, h 
and g lines at wavelengths of 365, 436 and 405 nanometers. A suitable laser-beam source 
is, for example, the argon-ion laser, which erhits radiation at wavelengths of 454, 458, 466, 
472, 478, 488 and 514 nanometers. Nd-YAG-lasers emitting light at 1064 nm and it's sec- 
ond and third hannonic (532 nm and 355 nm respectively) can also be used. Also suitable 
is, for example, a helium/cadmium laser having an emission at 442 nm or lasers that emit in 
the UV range. With that type of in:adiation. It is not absolutely essential to use a photomask 
in contact with the photopolymeric coating to produce a positive or negative resist; the con- 
tirolled laser beam is capable of writing directly onto the coating. For that purpose the high 
sensitivity of the materials according to the Invention is . very advantageous, allowing high 
writing speeds at relatively low intensities. On irradiation, the onium salts in ttie composition 
in ttie irradiated sections of tiie surface coating decompose to form tiie acids. 
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In contrast to customary UV curing with high-intensity radiation, with the compounds accor- 
ding to the invention activation is achieved under the action of radiation of relatively low in- 
tensity. Such radiation includes, for example/daylight (sunlight), and radiation sources equi- 
valent to daylight. Sunlight differs in spectral composition and intensity from the light of the 
artificial radiation sources customarily used in UV curing. The absorption characteristics of 
the compounds according to the invention are as well suitable for exploiting sunlight as a na- 
tural source of radiation for curing. Daylight-equivalent artificial light sources that can be 
used to activate the compounds according to the invention are to be understood as being 
projectors of low intensity, such as certain fluorescent lamps, for example the Philips TL05 
special fluorescent lamp or the Philips TL09 special fluorescent lamp. Lamps having a high 
daylight content and daylight itself are especially capable of curing the surface of a surface- 
coating layer satisfactorily in a tack-free manner. In that case expensive curing apparatus is 
superfluous and the compositions can be used especially for exterior finishes. Curing with 
daylight or daylight-equivalent light sources is an energy-saving method and prevents emis- 
sions of volatile organic components In exterior applications. In contrast to the conveyor belt 
method, which is suitable for flat components, daylight curing can also be used for exterior 
finishes on static or fixed articles and structures. 

The surface coating to be cured can be exposed directly to sunlight or daylight-equivalent 
light sources. The curing can, however, also take place behind'a transparent layer (e.g. a 
pane of glass or a sheet of plastics). 

The examples which follow illustrate the invention in more detail. Parts and percentages are, 
as in the remainder of the description and in the claims, by weight, unless stated otherwise. 
Where alkyi radicals having more than three carbon atoms are referred to without any men- 
tion of specific isomers, the n-isomers are meant in each case. 

Example 1 : Diphenyliodonium phenylsulfate. 

Diphenyliodonium hydrogensulfate 
55.5 ml (0.625 mol) of benzene and 53.5 g (0.25 mol) of potassium iodate are added to 50 
ml of acetic anhydride and the reaction mixture is stirred while cooling by an ice-salt bath. 
To the suspension is added dropwise a cold solution of 35 ml of cone, sulfuric acid and 50 ml 
of acetic anhydride with keeping the temperature below 5°C for a period of 3 hours. The re- 
action mixture is stirred overnight and the temperature Is gradually raised to room tempera- 
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ture during the course of the reaction. After the reaction mixture is cooled by an ice bath, 
300 ml of diethyl ether are added and stirred for 1 hour at 0°C and for additional 4 hours at 
room temperature. The precipitate is filtered off and washed with diethyl ether. The crude 
diphenyliodonium hydrogensulfate is obtained as a pale pink solid, and used in the next step 
without further purification. 
1.2: Tetramethylammonium phenylsulfate 

25 g (0.266 mol) of phenol are dissolved in 100 ml of dimethylformamide (DMF), and 46.5 g 
(0.292 mol) of a pyridine/sulf ur trioxide complex are added to the solution. The reaction mix- 
lyre »s. stirred fpj^^^ .1 5-hours at room-temperature. 1 00 ml of- - 
26% aqueous tetramethylammonium hydroxide (TMAH) solution are added to the mixture 
and. stirred for 30 min at room temperature. After removing the solvent by a rotary evapora- 
tor, 50 ml of ethanol are added to the residue and stirred for 30 min at room tempe^rature. 
The solid is filtered off and washed with ethanol. The crude tetramethylammonium phenyl- 
sulfate is obtained as a white solid, and used in the next step wifriout further purification. 
JL3: Diphenyliodonium phenylsulfate 

3 g of the crude diphenyliodonium hydrogensulfate are dissolved In 50 ml of water. To the 
solution is added a solution of 2.35 g of the crude tetramethylammonium phenylsulfate dis- 
solved in 10 ml of water. The nriixture is stirred for 7 hours at room temperature. The prod- 
uct is extracted with methylene chloride and the organic layer is washed with water, dried 
over MgS04, and concentrated. The residue Is purified by recrystallization from 1 ,2-dichloro- 
ethane, yielding 1.29 g of diphenyliodonium phenylsulfate as a white solid, mp. 129-132**C. 
The structure is confimried by the ^H-NMR spectmm (CDCIg/DMSO-de): 5 [ppmj: 7.08 (t, 1H), 
7.22-7.30 (m, 4H), 7.42 (t, 4H), 7.58 (t, 2H). 7.92 (d, 4H). 

Example 2: . Di(4-tert-butylphenyl)iodonium 4-tert-butylphenylsulfate 
2Ji Anrimonium 4-tert-butylphenylsulfate 

25 g (0.166 mol) of 4-tert-butylphenGfl is dissolved in 50 ml of DMF, and 31.7 g (0.199 mol) of 
a pyridine/sulf ur trioxide complex, dissolved in 100 ml of DMF. are added to the solution. 
The reaction mbcture is stinted for 3 hours at 50°C and foj additional 15 hours at room tem- 
perature. 13 ml of ammonia solution are added to the mixture and stirred for 30 min at room 
temperature. The solvent is removed by a rotary evaporator, yielding crude ammonium 4- 
tert-butylphenylsulfate as a beige solid, which is used in the next step without further purifica- 
tion. 

2^ Pi(4-tert-butylphenyl)iodonium 4-tert-butylphenylsuIfate 
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10 g (74.5 mmol) of tert-butylbenzene and 8.6 g (40.2 mmol) of potassium iodate are added 
to 10 ml of acetic anhydride and stirred under cooling by an ice-salt bath. To the suspension 
a cold solution of 6 ml of cone, sulfuric acid and 1 0 ml of acetic anhydride is added dropwise 
while the temperature is kept below 5°C over a period of 1 hour. The reaction mixture is 
stirred overnight and the temperature is gradually raised to room temperature during the 
course of the reaction. After* the reaction mixture is cooled by an ice bath, 30 ml of water are 
added. To the solution are added 9.2 g of the crude ammonium 4-tert-butylphenyl sulfate, 
dissolved in 20 ml of water, followed by the addition of 40 ml of ammonia solution to neutral- 
ize the mixture. After ttne nnixturejs stirred 

extracted with methylene chloride and the organic layer is washed with water, dried over 
MgS04, and concentrated. The residue is purified by recrystallization from toluene/hexane, 
yielding 5.59 g of di(4-tert-butylphenyl)iodonium 4-tert-butylphenylsulfate as a white solid, 
mp. 159-1 63*^0. The structure is confirmed by the ^H-NMR spectmm (CDCI3). 5 [ppm]: 1.25 
(s. 9H), 1.28 (s, 18H), 7.19 (d. 2H), 7.26 (d, 2H). 7.41 (d, 4H), 7.84 (d, 4H). 

Example 3 : Di(4-tert-amylphenyl)iodonium phenylsulfate 
3J_L Di(4-tert-amylphenyl)iodonium hydrogensulfate 

111.2 g (0.75mol) of tert-amylbenzene and 86.7 g (0.405 mol) of potassium iodate are 
added to 86 ml of acetic anhydride and the reaction mixture is stirred under cooling with an 
ice-salt bath. To the suspension a cold solution of 60.3 ml of cone, sulfuric acid and 86 rn] of 
acetic anhydride is added dropwise while keeping the temperature below S^'C for 4 hours. 
The reaction mixture is stirred overnight and the temperature is gradually raised to room 
temperature during the course of the reaction. After the reaction mixture is cooled by an ice 
bath, 100 ml of water are added. The product is extracted with methylene chloride, and the 
organic layer is washed with water, dried over MgS04, and concentrated, yielding crude di(4- 
tert-amylphenyl)iodonium hydrogensulfate as a brown solid. The crude di(4-ten-amyl- 
phenyl)iodonium hydrogensulfate is used in the next step without further purification. 
3^ Di(4-tert-amylphenyl)iodonium phenylsulfate 

3.9 g of crude tetramethylammonium phenylsulfate prepared according to the method of Ex- 
ample 1.2 are dissolved in 10 ml of water. To the solution 6.8 g of the cmde di(4-tert-amyi- 
phenyl)iodonium hydrogensulfate, dissolved in 5 ml of methanol, are added. The mixture is 
stin-ed for 3 hours at room temperature. 10 ml of methylene chloride are added to the solu- 
tion and stin-ed for additonal 2 hours at room temperature. The product is extracted with me- 
thylene chloride and the organic layer js washed with water, dried over MgS04, and concen- 
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trated. 200 ml of tert-butyl methyl ether are added to the residue, affording a white solid. Af- 
ter the suspension is stirred at SO'C for 15 min, the precipitate is filtered off and washed with 
tert-butyl methyl ether, yielding 4.37 g of di(4-tert-amylphenyl)iodoriium phenylsulfate as a 
white solid, mp. 122-125''C. The structure is confirmed by the ^H-NMR spectaim (CDCI3). 5 
[ppm]: 0.64 (t. 6H), 1.23 (s. 12H). 1.61 (q. 4H). 7.07 (t, 1H). 7.21-7.29 (m. 4H). 7.34 (d, 4H). 
7.82 (d,4H). 

Example 4 : Di(4-tert-amylphenyl)iodonium propylsulfate 

4.1: Tetramethylammonium propyjsulf ate ;...„ \ ■ . • 

10 mi (0.134 mol) of 1-propanol are dissolved in 40 ml of DMF, and 23.4 g (0.147 mol) of a 
pyridine/sulfur trioxide complex are added to the solution. The reaction mbcture is stirred for 
3 hours at 50°C and for additional 15 hours at room temperature. 51.5 g of 26% aqueous 
TMAH solution are added to the mixture which then is stirred lot 30 mIn at room terhpera- 
ture. After removing the solvent by a rotary evaporator, 50 ml of acetone are added to the 
residue and stirred for 30 min at room temperature. The solid is filtered off and washed vyith 
acetone. The crude tetramethylammonium propylsulfate is obtained as a white solid, and 
used in the next step without further purification. 
4^ Di(4-tert-amylphenyl)lodonium propylsulfate 

3.4 g of the crude tetramethylammonium propylsulfate are dissolved In 10 ml of water. To 
the solution are added 6.8 g of the crude di(4-tert-amylphenyl)iodonlum hydrogensulfat6 
prepared according to the method of example 3.1, dissolved in 5 ml of methanol. The mix- 
ture is stirred for 4 hours at room temperature.. 10 ml of methylene chloride are added to the 
solution and stirred for additonal 2 hours at room temperature. The product is extracted with 
methylene chloride and the organic layer is washed with water, dried over MgS04, and con- 
centrated. The residue is purified by flash chromatography on silica gel with methylene chlo- 
ride, followed by methylene chloride and ethanoi (95:5) as an eluent, yielding 3.86 g of di(4- 
tert-amylphenyl)iodonium propylsulfate as a brownish solid, mp. 48-53'*C. The structure is 
confirmed by the ^H-NMR spectmm (CDCI3). 6 [ppm]: 0.65 (t, 6H), 0.88 (t, 3H), 1.24 (s, 12H), 
1 .56-1 .66 (m, 6H). 3.89 (t, 2H), 7.37 (d, 4H). 7.88 (d, 4H). 

Example 5; Di(4-tert-amylphenyl)lodonium 4-tert-butylphenylsuffate 

7.5 g of the crude ammonium 4-tert-butylphenylsulfate, prepared according to the method of 
example 2.1, are dissolved in 10 ml of water. 15.6 g of the crude di(4-tert-amylphenyl)iodon- 
ium hydrogensulfate (according to exarnple 3.1), dissolved in 5 ml of methanol, are added to 
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the solution. The mixture is stirred for 2 hours at room temperature. 10 ml of methylene 
chloride are added to the solution and stirred for additonal 2 hours at room temperature. 
The product is extracted with methylene chloride and the organic layer is washed with water, 
dried over MgS04, and concentrated. The residue is purified by recrystallization from cyclo- 
hexane, yielding 6.96 g of di{4-tert-amylphenyl)iodonium 4-tert-butylphenylsulfate as a white 
solid, mp. 129-133°C. The structure is confirmed by the ^H-NMR spectrum (CDCIa). 5 [ppm]: 
0.65 (t, 6H), 1.24 (m, 21 H). 1.62 (q. 4H), 7.21 (d. 2H), 7.27 (d, 2H). 7.37 (d, 4H), 7.83 (d, 
4H). 



Example 6 ; Bis[di(4-tert-amylphenyl)iodonium] para-phenylenedisulfate 
6.1: Bis(tetramethylammonium) para-phenylenedisulfate 
15 g (136mmol) of para-hydroquinone are dissolved in 143 ml of DMF, and 47.7 g (300 
mmol) of a pyridine/sulfur trioxide complex are added to the solution. The reaction mixture is 
stirred for 3 hours at 50°C and for additional 15 hours at room temperature. 105 g of 26% 
aqueous TMAH solution are added to the mixture and stirred for 30 min at room tempera- 
ture. After the solvent is removed by a rotary evaporator, 100 ml of ethanol are added to the 
residue and stirred for 30 min at room temperature. The solid is filtered off and washed with 
ethanol. The crude bis(tetramethylammonium) para-phenylenedisulfate is obtained as a, 
white solid, and is used in the next step without further purification. 
6^ Bis[di(4-tert-amylphenyl)iodonium] para-phenylenedisulfate 

1.9 g of the crude bis(tetramethylammonium) para-phenylenedisulfate are dissolved in 10 ml 
of water. 3.4 g of the crude di(4-tert-amylphenyl)iodonium hydrogensulfate (obtained ac- 
cording to^example 3.1), dissolved in 2 ml of methanol, are added to the solution. The mix- 
ture is stirred for 1 hour at room temperature, 10 ml of methylene chloride are added to the 
solution and stirred for additonaf 3 hours at room temperature. The product is extracted with 
methylene chloride and the organic layer is washed with water, dried over MgS04, and con- 
centrated. The residue is purified by recrystallization from toluene, yielding 1.92 g of 
bls[di(4-tert-'amylphenyI)iodonium] para-phenylenedisulfate as a white solid, mp. 111-115**C. 
The structure is confirmed by the ^H-NMR spectrum (CDCI3). 5 [ppm]: 0.63 (t, 12H), 1.23 (s, 
24H), 1.60 (q, 8H), 7.18 (s, 4H). 7.36 (d. 8H), 7.82 (d, 8H). 

Example 7; (4-Methylphenyl)(4 -isobutylphenyl)iodonium phenylsulfate 
ZJl (4-Methylphenyl){4'-isobutylphenyl)iodonium hydrogensulfate 
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1 1 .9 g (54.8 mrinol) of 4-iodotoluene and 9.2 g (68;5 mmol) of isobutylbenzene are added 
dropwise to a solution of 35 ml of cone, sulfuric acid and 22 ml of water under cooling by an 
ice bath. 25 g of ammonium peroxodisuifate are added by portions to the solution under 
cooling by an ice-salt bath, keeping the temperature below O^C for 1 hour. The reaction mix- 
ture is stirred overnight and the temperature is gradually raised to room temperature during 
the course of the reaction. After cooling the reaction mixture by ice an bath, 1 18 ml of water 
are added. The product is extracted with methylene chloride, and the organic layer is 
washed with water, dried over MgS04, and concentrated, yielding (4-methylphenyl)(4'-jsobut- 

ylphenyi)iodonium hydrogensulfate is used in the next step without further purification. 
Zi2: (4-Methylphenyl)(4"-isobutylphenyl)iodonium phenylsulfate 

0.98 g of the crude tetramethylammonium phenylsulfate, prepared according to the method 
of Example 1.2, are dissolved in 10 rril of water. 1.48 g of the crude (4-methylphenyl)(4'-lso- 
butylpheny[)iodonium hydrogensulfate, dissolved in 10 ml of methanol, are added to the 
solution. The mixture is stirred for 1 hour at room temperature. 10 ml of methylene chloride 
are added to the solution and stirred for additional 3 hours at room temperature. The prod- 
uct is extracted with methylene chloride and the organic layer is washed witii water, dried 
over MgS04, and concentrated. The residue is purified by flash chromatography on silica 
gel with methylene chloride, followed by methylene chloride and ethanol (95:5) as an eluent, 
yielding 1.54 g of (4-methylphenyl)(4'-isobutylphenyl)iodonlum phenylsulfate as a pale yellow 
resin. The structure is confirmed by the ^H-NMR spectnjm (CDCI3). 5 [ppm]: 0.87 (d, 6H), 
1.78-1.87 (m, 1H). 2.37 (s. 3H), 2.47 (d, 2H), 7.08 (t, 1H), 7.13-7.31 (m. 8H), 7.77 (d, 4H). 

Example 8; (4-Methylphenyl)(4'-isobutylphenyl)iodonium 4-fluorophenylsulfate 
842 Tetramethylammonium 4-fluorophenyIsulfate 

10 g (89 mmol) of 4-fluorophenol are dissolved in 47 ml of DMF, and ISiB g (98 mmol) of a 
pyridine/sulfur trioxide complex are added to the solution. The reaction mixture is stirred for 
3 hours at 50°C and for additional 15 hours at room temperature. 34.4 g of 26% aqueous 
TMAH solution are added to the mixture and stinted for 30 min at room temperature. After 
removing the solvent by a rotary evaporator, 50 ml of ethanol are added to the residue and 
stin-ed for 30 min at room temperature. The solid is filtered off and washed with ethanol. 
The crude tetramethylammonium 4-fluorophenyisulfate is obtained as a beige solid, and 
used in the next step without further purification. 
Ml (4-Methylphenyl)(4'-lsobutylphenyl)iodonium 4-fluorophenylsulfate 
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1,05 g of the crude tetramethylammonium 4-fluorophenylsulfate are dissolved in 10 ml of wa- 
ter. 1 .48 g of the crude (4-methylphenyl)(4 -ispbutylphenyl)iodonium hydrogensulfate (ob- 
tained according to example 7.1), dissolved in 10 ml of methanol, are added to the solution. 
The mixture is stirred for 1 hour at room temperature. 10 ml of methylene chloride are ad- 
ded to the solution and stirred for additonal 3 hours at room temperature. The product Is ex- 
tracted with methylene chloride and the organic layer is washed with water, dried over 
MgS04, and concentrated. The residue is purified by flash chromatography on silica gel with 
methylene chloride, followed by methylene chloride and ethanol (95:5) as an eluent, yielding 
1 .46 g of (4-methylphenyl)(4'-isobutylphenyl)iodonium 4-fluorophenylsu(fate as a t>rQ\m 
, resin. The structure is confirmed by the ^H-NMR spectrum (CDCI3). 5 [ppm]: 0.87 (d, 6H), 
1.79-1.86 (m, 1H), 2.38 (s. 3H). 2.47 (d, 2H). 6.87 (t, 2H), 7.13-7.22 (m. 6H). 7.78 (d, 4H). 

Example 9 ; (4-Methylphenyl)(4'-isobutylphenyl)iodonium phenylmethylsulfate 
9.1: Tetramethylammonium phenylmethylsulfate 

10 g (92.5 mmol) of benzylalcohol are dissolved in 50 ml of DMF, and 16.2 g (102 mmol) of 
a pyridine/sulfur trioxide complex are added to the solution. The reaction mixture is stirred 
for 3 hours at 50^*0 and for additional 15 hours at room temperature, 35.8 g of 26% aque- 
ous TMAH solution are added to the mixture and stirred for 30 min at room temperature. Af- 
ter removing the solvent by a rotary evaporator, 200 ml of acetone are added to the residue 
and stirred for 30 min at room temperature. The solid is filtered off and washed with ace- 
tone. The crude tetramethylammonium phenylmethylsulfate is obtained as a white solid, and 
used in the next step without further purification. 
9^ (4-Methylphenyl)(4'-isobutylphenyl)iodonium phenylmethylsulfate 

1.03 g of the cnjde tetramethylammonium phenylmethylsulfate are dissolved in 10 ml of wa- 
ter. 1.48 g of the crude (4-methylphenyl)(4-isobutylphenyl)iodonium hydrogensulfate (ob- 
tained according to example 7.1), dissolved in 10 ml of methanol, are added to the solution. 
The mixture is stirred for 1 hour at room temperature. 10 ml of methylene chloride are 
added to the solution and stirred for additonal 3 hours at room temperature. The product is 
extracted with methylene chloride and the organic layer is washed, with water, dried over 
MgS04, and concentrated. The residue is purified by flash chromatography on silica gel with 
methylene chloride, followed by methylene chloride and ethanol (95:5) as an eluent, yielding 
1.31 g of (4-methylphenyl)(4'-isobutylphenyl)iodonium phenylmethylsulfate as a pale brown 
resin. The structure is confirmed by the ^H-NMR spectrum (CDCI3). 5 [ppm]: 0.86 (d, 6H), 
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1.80-1.85 (m. 1H), 2.36 (s, 3H). 2.45 (d. 2H), 4.97 (s, 2H), 7.12-7.37 (m, 9H). 7.77-7.81 (m. 
4H). 

Example 10 ; Bis[(4-methylphenyl)(4-isobutylphenyl)iodonium] para-phenylenedisutfate 
0.69 g of crude bis(tetramethylammonium) para-phenylenedisulfate are dissolved in 10 ml of 
water. 1 .48 g of crude (4-methylphenyl)(4'-isobutylphenyl)iodonium hydrogensulfate (obtain- 
ed according to example 7.1), dissolved in 10 ml of methanol, are added to the solution. The 
mixture is stirred for 1 hour at room temperature. 10 ml of methylene chloride are added to 
the solution and stirred for additonal 3 boys atj;oomjtemperature. The product is. extracted, 
with methylene chloride and the organic layer is washed with water, dried over MgS04, and 
concentrated. The residue is purified by flash chromatography on silica gel with methylene 
chloride, followed by methylene chloride and ethanol (95:5) as an eluent, yielding 1.06 g of 
bis[(4-methylphenyl)(4'-isobutylphenyl)iodonium] para-phenylenedisulfate as a white solid. 
The stmcture is confinned by the ^H-NMR spectrum (CDCI3). 5 [ppm]: 0.85 (d, 12H), 1.74- 
1.85 (m. 2H). 2.34 (d, 6H), 2.43 (d. 4H), 7.12-7.19 (m, 12H), 7.77-7.82 (m, 8H). 

11-1: diammonium cyclohexane-1 ,4-cIi(methylenesulfate) 

10 g (69.3 mmol) of 1 ,4-cyclohexanedimethanol are dissolved in 73 ml of DMF, and 24,3 g 
(152.6 mmol) of a pyridine/sulfur trioxide complex are added to the solution. The reaction 
mixture is stirred for 3 hours at 50°C and for additional 15 hours at room temperature. 
53.5 9 of 26% aqueous TMAH solution are added to the mixture and stirred for 30 min ajt 
room temperature. After removing the solvent by a rotary evaporator, 50 ml of ethanol are 
added to the residue and stirred for 30 min at room temperature. The solid is filtered off and 
washed with ethanol. The cnjde product is obtained as a white solid, and used in the next 
step without further purification. . . 

VL2: Bis[(4-methylphenyl)(4'-isobutylphenyl)iodonium] cyclohexane-1 ,4-di(methylenesulfate) 
0.74 g of the crude compound obtained as described in Example 11.1 are dissolved in 10 ml 
of water. 1.48 g of crude (4-methylphenyl)(4'-isobutylphenyl)iodonium hydrogensulfate (ob- 
tained according to example 7.1), dissolved in 10 ml of methanol, are added to the solution. 
The mixture is stirred for 1 hour at room temperature. 10 ml of methylene chloride are 
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added to the solution and stirred for additonal 3 hours at room temperature. The product is 
extracted witli methylene chloride and. the organic layer is washed with water, dried over 
MgS04, and concentrated. The residue is purified by flash chromatography on silica gel with 
methylene chloride, followed by methylene chloride and ethanol (2:1) as an eluent, yielding 
the product as a pale brown solid, mp. 81-85°C. The structure is confimied by the ^H-NMR 
spectrum (CDCI3). 8 [ppm]: 0.87 (d. 12H), 1.35-1.90 (m. 10H), 2.38 (s, 6H). 2.47 (d, 4H), 
3.70/3.82 (d, 4H). 7.16-7.24 (m. 8H). 7.82-7.88 (m, 8H). 

Example 12 ; Triphenylsulfonium 4-tert-butylphenylsulfate 

1.0 g of triphenylsulfonium tetrafluoroborate is dissolved in 50 ml of water at 80°C. To this 
solution a solution of 0.8.5 g of crude ammonium 4-tert-butylphenylsulfate (prepared as de- 
scribed in Example 2.1) in 10 ml of water is added and stirred at 80''C for 1 hour. The prod- 
uct is extracted with methylene chloride and the organic layer is washed with 2.5% ammonia 
solutidn and water, dried over MgS04, and concentrated. The residue is purified by recrys- 
tallization from ethyl acetate, yielding 0.72 g of triphenylsulfonium 4-tert-butylphenylsulfate 
as a white solid, mp. 129-132''C. The structure is confimied by the ^H-NMR spectrum 
(CDCI3). 5 [ppm]: i .24 (s, 9H). 7.21 (d. 2H), 7.28 (d, 2H), 7.60-7.79 (m, 15H). 

Examples 13-53: 

The compounds of examples 13 to 53 are obtained according to the method described in ex- 
ample 1.3, using the corresponding educts. The structures and physical data, are listed in 

table 1. . ' 
Table 1 



Ex. 


Structure 


Purification 


State /mpCC) / 
'M-NMR [6(ppm)] 


13 


r , — ■ -j 

L ^^CH3 J2 

0 C-0-S03- 


chromatography 
(CH2CI2, followed by 
CHaClacethanol = 95:5) 


pale yellow resin, 
0.66 (t, 6H), 1.20- 
1.66(m, 22H), 
3.28-3.37 (m, 1H), 
3.57-3.75 (m, 2H), 
4.00 (d, 2H), 7.39 
(C1.4H), 7.87 (d. 
4H) 



wo 02/46507 



PCT/EPOl/13725 



-67- 



Ex. 


Structure 


Purification 


State / mp(°C) / 
^H-NMR [S(ppm)] 


14 




L CH3 — J 

0 
II 

LC, — C— C— 0— S 


-t 

2 

O3- 


chromatography 
(CH2CI2, followed by 
CHaClarethanoi = 95:5) 


yellow resin, 
0.67 (t, 6H), 1.23- 
1.27 (m. 15H), 
1.64 (q, 4H),4.17 
(q, 2.H), 4.62 (s. 
2H), 7.43 (d, 4H), 
7.86 (d, 4H) 


15 


L CH3 ^—^ J 2 
H3C 

0-VCH3 
H3C o-^o'^c-o-soT 


chromatography 
(CHaCIa, followed by 
CHgClaiethanol = 95:5) 


pale yellow solidi 
45-51 °C 
0.66 (t, 6H), 1.16 
(s, 3H), 1.22-1.30 
(m. 15H), 1.42(s. 
3H), 1.45 (s. 3H), 
1.63 (q,4H). 4.21- 
4.32 (m, 5H), 4.57 
(d, 1H), 5.41 (d, 
1H),7.41 (d, 4H), 
7.87 (d.4H) 


16 




L CH, . 
HjC 

HC— CH3 • 


-1 
2 


recrystallization from 
mixture of tert-butyl 
rriethyl ether and hex- 
ane 


White solid, 
162- 164 °C 
0.66 (t, 6H), 0.77 
(d, 3H), 0.78-0.87 
(m, 7H), 0.92-1.10 
(m, 2H), 1.20-1.42 
(m. 14H), 1.57- 
1.70(m, 6H), 
2.23-2.35 (m, 1H), 
2.40-2.47 (m, 1H), 
4.10-4.19 (m, 1H). 
7.40 (d, 4H), 7.85 
(d, 4H) . 


17 




- CH3 /=v " 

L H^CHj. 

c-o-so. 


-T 

2 


recrystallization from 
mixture of tert-butyl 
methyl ether and tolu- 
ene 


white solid, 
151 - 153 "C 
0.63(t, 6H), 1.23 
(s. 12H), 1.60 (q, 
4H), 4.97 (s. 2H), 
7.23-7.39 (m, 9H), 
7.84 (d, 4H) 
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Ex. 


Stmcture 


Purification 


State / mpCO / 
^H-NMR [5(ppm)] 


18 




L CH3 ^ — ^ J 


4 
2 


chromatograpiiy 
(CH2CI2, followed by 
CHzClziethatiol = 95:5) 


pale yellow resin, 
0.66 (t. 6H). 1.10- 
1.42 (m, 18H), 
1.55-1.70 (m. 6H), 
1.88-1 .98 (m. 2H), 
4.25-4.29. (m, iH), 
7.38 (d, 4H), 7.89 
..(d..4H).._ 


19 




CH3 ^ ^ . 

O-SOg 


4, 
2 


chromatography 
(CH2CI2. followed by 
CHaClaiethanol = 95:5) 


orange resin, 
0.62 (t, 6H), 1.23 
(s, 12H). 1.58 (q, 
4H), 7.23-7.27 (m, 
4H), 7.35-7.45 (m, 
3H), 7.57-7.66 (m, 
6H), 7.72-7.78 (m, 
IH), 7.37-7.42 (m, 
IH). 


20 




CH3 y 1 

^s^i — ^ — ^ 

CH3 ^ ^ J 2 

0/4^^ ^C-O-SOg 


recrystalllzation from 
mixture of tert-butyl 
methyl ether and tolu- 
ene 


white solid, 
155-156 »C, 
0.65 (t. 6H), 1.25 
(s,12H),1.62 (q, 
4H). 5.44 (s, 2H), 
7.40 (d, 5H), 7.63 
(t, 1H),7.85(d. 
4H), 7.95(d, IH), 
8.04 (d. 1H). 


21 




r CH, . , -1 

1 V/=\ 

CH, 

CH 

CH3 


+ 
-1 

2 

503 


recrystalllzation from 
tert-butyl methyl ether 


\A/Hito crkliH 

111 -119°C, 
0.60-0.67 (m, 9H), 
1.19 (s, 6H), 1.23 
(S.12H), 1.53-1.67 
(m, 6H). 7.18-7.25 
(m, 4H). 7.37 (d. 
4H), 7.81 (d. 4H). 
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Ex. 


Structure 


Purification 


State / mpCC) / 
'H-NMR [3(ppm)] 


22 


c 


CH, ^ ^ ^ 


-t 

2 


recrystallization from 
mixture of tert-butyl 
metliyl ether and tolu- 
ene 


white solid. 
120-121 "C, 
0.65 (t, 6H), 1.25 
(s. 12H). 1.62 (q, 
4H), 6.77 (d. 2H), 
7.22 (d, 2H), 7.36 
(d. 4H), 7.80 (d. 
4H).- 


23 




r lv=\] 

. CH3 ^ _ 


+ 
-1 

2 


recrystallization from 
mixture of tert-butyl 
methyl ether and tolu- 
ene 


white solid, 
135- 137 °C, 
0.65 (t, 6H). 1.25 
(s. 12H).1.62(q, 
4H), 2.25 (s, 3H), 
7.03 (d, 2H). 7.20 
(d, 2H), 7.36 (d. 
4H), 7.80 (d, 4H). 


24 


CF,-C-0-SO, 


-1 
2 


chromatography 
(CH2CI2. followed by 
CHzCUiethanol = 95:5) 


pale yellow solids 
130- 134 "C, 
0.65(t, 6H), 1.25 
(S.12H), 1.62(q. 
4H).4.14(q.2H), 
7.40 (d. 4H). 7.90 
(d.4H). 


25 




~Vo-so, 


-t 
2 


chromatography 
(CH2CI2, followed by 
CHsClaiethanol = 95:5) 


yellow resin, 
0.65(t, 6H), 1;25 
(s, 12H). 1.62 (q, 
4H),6.49(s, 1H), 
7.17-7.35 (m, 
10H). 7.44 (d,4H), 
7.68 (d. 4H). 
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Ex. 


Structure 


Purification 


State / mp(°C) / 
'H-NMR [5(ppm)] 


26 




CH3 — ' J 

Q-g-o-so: 


-t 
2 


chromatography 
(CH2CI2, followed by 
CH2Cl2:ethanol = 95:5) 


pale yellow resin, 
0.65 (t,6H), 1.24 
(s, 12H), 1.55 (d, 
3H).1.61 (q, 4H), 
5.46 (q. 1H). 7.19 
(t,1H).7.27(t. 
2H), 7:32 (d, 4H), 
7.43 (d, 2H), 7.75 . 
(d, 4H). 


27 




Q . 


-t 
2 


chromatography 
(CH2CI2, followed by 
CHzClaiethanol = 95:5) 


pale yellow resin, 
0.65 (t. 6H). 1:23 
(s, 12H). 1.61 (q, 
4H), 6.67 (s, 1H), 
7.21-7.38 (m. 
12H), 7.82 (d. 4H). 
8.00 (d. 2H). 


28 




r 1^ /=\i 

L CH, ^ J2 


chromatography 
(CH2CI2, followed by 
CH2Cl2:ethanol = 95:5) 


yellow resin. 
0.65 (t. 6H), 1.15 
(t, 3H). 1.25(s, 
12H), 1.62 (q. 4H), 
2,55 (q, 2H), 7.07 
(d, 2H). 7.23 (d. 
2H). 7.37 (d, 4H). 
7.80 (d,4H). 


29 




L CH, ^ ' . 

CH,^ 


-t 
2 


recrysiauizauon irom 
mixture of tert-butyl 
methyl ether and tolu- 
ene 


white solid, 
113 - 116 C, 
0.65 (t,6H), 1.16 
(d.6H).1.24(s. 
12H). 1.61 (q,4H), 
2.78-2.87 (m, 1H). 
7.09 (d, 2H). 7.22 
(d, 2H), 7.36 (d, 
4H), 7.82 (d. 4H). 
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Ex. 


Staicture 


Purification 


state / mpCC) / 
^H-NMR [6(ppm)] 


30 


I- 


CH3 n 

L CH3 J 2 
CH3 


chromatography 
(CH2CI2, followed by 
CH2Cl2:ethanol = 95:5) 


yellow resin. 
0.64 (t.3H), 1.20 

(s, 6H). 1.27 (s. 
18H), 1.56(q, 2H). 
7.20 (s, 4H), 7.41 
(d. 4H), 7.83 (d, 
4H). 


31 




" CH, , . n 

CH3 ^ — ^ . 


+ 
-1 

2 


recrystalllzatlon from 
tert-butyl methyl ether 


"white sofi'd," 
161 - 1(B4 "C, 
1.27 (S.I 8H). 5.76 
(s, 2H), 7.22-7.43 
(m, 9H). 7.83 (d, 
4H). 


32 


HC-CH. 
H3C 


-t 
2 


recrystallizatlon from 
mixture of tert-butyl 
methyl ether and tolu- 
ene 


white solid, 
184-185-0. 
0 72-1 02 (m 
12H), 1.12-1,37 
(m,20H), 1.55- 
1.62 (m, 2H). 
2.20-2.28 (m. 1H), 
2.32-2.42 (m, 1H). 
4.03-4.10 (m. 1H), 
7.44 (d, 4H), 7.88 
(d. 4H). 


33 


H. 




-t 
2 


recrystallization from 
mixture of tert-butyl 
methyl ether and 
CH2CI2 


vvhite solid, 
167- 168 °C, 
1.28 (s, 18H), 2.30 
(s. 3H). 4.97 (s, 
2H), 7.09 (d. 2H), 
7.28 (d. 2H). 7.40 
(d, 4H). 7.82 (d. 
4H). 
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Ex. 


Structure 


Purification 


State / mp(°C) / 
'H-NMR [6(ppm)] 


34 




L — ' J2 

H3C 

p-\-CH, 

H3C o-^o'^c-o-so7 - 


chromatography 
(CH2CI2, followed by 
CHaClaiethanol = 95:5) 


white solid. 
93-105»C 
1.17 (s, 3H). 1.28- 
1.32 (m, 21 H), 
1.42 (S.3H). 1.49 
(s, 3H), 4.16-4.32 
(m, 5H), 4.57 (d, 
JH),5.23(d._1.H),__ 




7.44 (d, 4H), 7.89 \ 
(d. 4H). 


35 




H,C— c — L \- 
L CH, ^ — ' J 

H,C C-O-SO, 


2 


recrystallizatlon from 
mixture of tert-butyl 
methyl ether and tolu- 
ene 


white solid, 
176-181 »C, 
1.27 (s, 18H),2.30 

(s, 3H), 4.99 (s, 
2H), 7.09-7.20 (m. 
3H), 7.35-7.41 (m, 
5H), 7.83 (d, 4H). 


36 


H 


L CH, ^ ' . 

"a 

^C-O-SO, 


-1 

2* 


recrystallizatlon from 
mixture of tert-butyl 
methyl ether and tolu- 
ene . 


white solid, 
158- 160 »C, 
1.27 (s,18H), 2.29 
(s, 3H). 4.94 (s, 
2H). 7.03-7.23 (m. 
4H), 7.38 (d, 4H), 
7.84 (d, 4H). 


37 


< 




-t 
2 


recrystallization from 
mixture of tert-butyl 
methyl ether and tolu- 
ene 


wnite souo, 
i81-183''C, 
1.22 (s, 18H), 5.43 
(s. 2H). 7.28 (d, 
4H), 7.37-7.57 (m. 
4H), 7.70 (d, 4H), 
7.79 (t, 2H), 8.26 
(d,1H). 



wo 02/46507 



PCT/EPOl/13725 



-73- 



Ex. 


Structure 


Purification 


State / mpC'C) / 
'H-NMR [5(ppm)] 


38 




L CH, ^ — ' . 
/=\ C-0-S03 


+ 
-1 

2 


recrystailization from 
mixture of hexane and 
toluene 


white solid, 
168-169 °C, 
1.19 (s. 18H). 6.06 
(s, 2H). 7.21 (d, 
4H). 7.44 (t. 2H). 
7.52 (t, 2H). 7.56 
(d. 4H). 7.97 (d. 
2H).8.43..(s,-1.H).-- 
8.59 (d, 2H). 








39 






-t 
2 


recrystailization from 
mixture of tert-butyl 
methyl ether and tolu- 
ene 


white solid, 
151 - 152 °C, 
1.28 (s, ISH), 4.87 
(s. 2H), 5.91 (s, 
2H). 6.72 (d. 1H), 
6.82 (d, 1H), 6.88 
(s. 1H),7.41 (d, 
4H), 7.83 (d. 4H). 


40 






2 


recrystailization from 
tert-butyl methyl ether 


white solid, 
139- 142 °C, 
1.28 (s, 18H), 5.11 
(s, 2H), 6.91-6.94 
(m, 1H),7.05 (s, 
1H). 7.24 (d, 1H), 
7.41 (d, 4H). 7.86 
(d, 4H). . 


41 


r CH3 -1 

L CH3 — J2 


recrystailization from 
toluene 


white solid, 
158 - 162 °C, 
1.24 (s, 18H). 7.30 
(d, 4H), 7.35-7.46 
(m, 3H), 7.57-7.65 
(m. 6H), 7.75-7.79 
(m, 1H), 8.34-8.38 
(nri. 1H). 
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Ex. 


Stnjcture 


Purification 


State / mpCC) / 
'H-NMR [5(ppm)] 


42 




' " CH3 1 

L CHj — J2 
<J]^0-S03 


recrystallization from 
toluene 


white solid, 
189 - 190 °C, 
1.10-1.49 (m, 
24H), 1.62-1.70 
(m, 2H), 1.87-1.96 
(m, 2H), 4.17-4.28 
(m. 1H), 7.43 (d, 
4H), 7.90 (d. 4H). 


43 






-t 
z 


recrystallization from 
mixture of tert-butyl 
methyl ether and tolu- 
ene 


white solid, 
150-153 °C, 
1.28 (s. 18H). 1.35 
(t,.3H). 3.91 (q. 
2H), 6.76 {d,2H). 
7.21 (d, 2H),7.41 
(d, 4H), 7.81 (d. 
4H). 


44 


• 


CH, ^ ' . 

. Q-o-so7 

OC,H, 


-1 

2 


recrystallization from 
tert-butyl methyl ether 


White solid, 
109-111 »C. 
1.26-1.34 (m. 
21 H), 4.06 (q, 2H). 
6.82-6.91 (m, 2H), 
7.01 (t. 1H), 7.40 
(d. 4H), 7.57 (d, 
1H), 7.84 (m. 4H). 


45 




■ .?V=v] 

CH, ^ ^ . 

Q-c-o-sd, 


+ 
2 


recrystallization from 
mixture of tert-butyl 
methyl ether and tolu- 
ene 


white sniiri 
199-200''C, 
0.85-0.95 (m, 2H). 
1.09-1.33 (m, 
21 H). 1.55-1.76 
(m. 6H), 3.72 (d, 
2H), 7.43 (d, 4H), 
7.89 (d, 4H). 
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Ex. 


Structure 


Purification 


State / mpCO / 
'H-NMR [5(ppm)] 


46 


CH, ^ ^ 


recrystallization from 
toluene 


white solid. 
141 - 144 °C. 
0.88 (d, 6H), 1.24 
(s, 9H), 1.80-1.88 
(m, 1H). 2.48 (d. 
2H), 7.15-7.27 (m. 
6H), 7.38 (t, 2H). 
7.55 (t,-1H), 7.80 - 
(d, 2H), 7.90 (d, 
2H). 


47 


HC-CH. 


recrystallization from 
toluene 


white solid, 
191 - 192 ^C, 
0.72 (d. 3H), 0.75- 
1.00 (m, 15H). 
1.15-1.23 (m, 1H), 

1.27- 1.37 (m. 1H), 
1.54-1.63 (m. 2H), 
1.78-1.90 (m, 1H), 
2.12-2.23 (m. 1H). 

2.28- 2.38 (m, 1H), 
2.39 (s. 3H), 2.48 
(d, 2H). 4.01-4.09 
(m, 1H),7.17(d. 
2H), 7.22 (d, 2H). 
7.82-7.88 (m. 4H). 


48 


CH 

H,C-C-^<f~^0-SO, 


chromatography 
(CH2CI2, followed by 
CHaCkrethanol = 95:5) 


yellow resin, 
0.86 (d, 6H), 1^6 
(s, 9H), 1.76-1.86 
(m, TH), 2.36 (s, 
3H). 2.46 (d, 2H), 
7.12-7.27 (m, 8H). 
7.79 (d, 4H). 
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Ex. 


Structure 


Purifieation 


State /mp(°C) / 
'H-NMR [5(ppm)] 


49 


1-1 


chromatography 
(CHzClg, followed by 
CH2Cl2:ethar»ol = 95:5) 


Drown resin, 
0.87 (d, 6H), 1.76- 
1.86 (m, 1H),2.37 
(S, 3H). 2.46 (d, 
2H). 3.72 (s, 3H). 
6.76 (d, 2H). 7.12- 
7.20 (m, 6H), 7.79 
(d, 4H). 


50 


H, 

O^N ^C-O-SO, 


chromatography 
(y^rizLflz, Toiiowea Dy 
CH2Cl2:ethanol = 95:5) 


pale yellow resin, 
0.87 (d. 6H), 1.79- 
1.86 (m, 1H), 2.38 
(S, 3H), 2.47 (d, 
2H), 5.37 (s. 2H). 
7.18-7.24 (m, 4H). 
7.40 (t, 1H),7.62 
(t,1H),7.83(d, 
4H).7.91 (d. 1H). 
8.05 (d,1H). 


O 1 


»»C..„^^ ,«ss--^C— CH{CHJ, 

0CH3 


chromatography 
(CH2CI2, followed by 
CH2Cl2:ethanol = 95:5) 


yellow resin, 
0.86 (d, 6H), 1 .73- 
1.85 (m, 1H). 2.37 
(s, 3H), 2.46 (d, 
2H), 3.76 (s, 3H), 
7.11-7.40 (m, 5H), 
7.76 (d, 2H), 7.84 
(d. 4H). 9.86 (s 
1H). 


52 


6 

Qpc-o-so, 


chromatography 
(CH2Cl2:acetone - 
3:1) 


white solid, 
102- 106 "C, 
5.10 (s. 2H), 7.17- 
7.25 (m, 3H), 7.36 
(d, 2H), 7.58-7.75 
(m, 15H). 
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Ex. 


Structure 


Purification 


State / mp(°C) / . 
^H-NMR [6(ppm)] 


53 


OL..O 

HC-CH, 


chromatography 

(CH2Cl2:acetone= 

3:1) 


white solid, 
116-124 °C, 
0.77-0.87 (m, 
10H), 0.95-1.10 
(m, 2H), 1.20-1.28 
(m, 1H), 1.35-1.50 
(m. 1H), 1.56-1.63 
(m, 2H), 2.33-2.42- 
(m. 1H), 2.53-2.60 
(m. 1H), 4.18-4.27 
(m. 1H). 7.64-7.84 
(m, 15H). 









Example 54 : 

A chemically amplified positive resist formulation is prepared by miwng the following compo- 
nents: 

100.0 parts of a resin binder (a copolymer of 22 mol% styrene, 69 mol% p-hydroxystyrene 
and 9 moI% t-butyl acryiate, haying a Mw of 9850; "™Maru2en MARUKA 
LYNCUR PHS/STYyTBA. provided by Maruzen Oil Company, Japan) 
0.5 parts of a leveling agent (FC-430, provided by 3M) 

475.0 parts of propylene glycol methyl ether acetate (PGMEA) (provided by Tokyo Kasei, 
Japan) 

4.0 parts of the photoacid generator to be tested. 
The resist formulation is spin coated onto a hexamethyl dimethylsilane-treated silicone wafer 
at around 1700 rpm for 45 seconds and softbaked for 90 seconds at 140''C on a hotplate to 
obtain a film thickness of 800 nm. The resist film is exposed to 254 nm wavelength deep UV 
radiation through a narrow band interference filter and a multidensity quartz mask using an 
Ushio's high pressure mercury lamp, UXM-501MD. and a mask aligner Canon PLA-521. Af- 
ter a post exposure bake for 90 seconds at 140°C on. a hotplate the film is developed. The 
exposure intensity is measured with a Unimeter UIT-150 from Ushio. The "Dose to Clear" 
(Eo), which is the dose just sufficient to completely remove the resist film with 60 seconds 
immersion development in 1 .79% aqueous tetramethyl ammonium hydroxide developer, is 
determined from the measured contrast cun/e (characteristic curve) as described in R. 
Dammel. Diazonaphthoquinone-based Resists, SPIE Tutorial Text Series Vol. TT11, Optical 
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Engineering Press, p. 10-11 (1993), The smaller the required dose, the more sensitive is the 
resist formulation. The results are collected in table 2 and demonstrate that the composi- 
tions according to the invention are suitable for the preparation of positive photoresists. 
Table 2 



Compound of example 


Dose to Clear (Eo) 
[mJ/cm^] 


1 


1.05 


2 


0.68 


3 


0.91 


4 


1 .43 


5 


0.62 


6 


1.06 


7 


1 .24 


8 


1.23 


. • 9 


1.18 


10 


1.55 


11 


2.14 


12 


0.69 


1 O 


1 .05 


i A 

l4 


0.98 


•■ l.t> ... 


1.05 


. lb 


0.81 


1 T 
1 / 


0.58 


18 


0 82 


19 


0.82 


20 


0.89 


21 


0.73 


22 


. 0.74 


23 


0.74 • 


24 


1.02 


25 


1.57 


26 


1.09 


27 


1.08 


28 


1.06 
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Compound of example 


Dose to Clear (Eo) 
[mJ/cm ] 


29 


0.72 


30. 


1.14 


31 


0.86 


32 


0.94 


33 


1.12 


34 


1.85 


35 


0S8 — 


36 


0.82 


37 


1.20 


46 


0.89 


47 


0.99 


48 


0.94 


49 


1.37 


50 


1.59 


51 


1.62 



Example 55 : 

A chemically amplified positive resist fomfiulation is prepared by mixing the following compo- 
nents: 

100.0 parts of a resin binder (a copolymer of 39 mol% p-(t-butoxycarbonyloxy)styrene, and 
61 mol% p-hydroxystyrene, derived from VP-8000 having a Mw of 1 1 900, pro- 
vided by Nippon Soda Co., Ltd, Japan) 
0.5 parts of a leveling agent (FC-430, provided by 3M) 

475.0 parts of propylene glycol methyl ether acetate (PGMEA) (provided by Tokyo Kasei, 
Japan) 

4.0 parts of the photoacjd generator to be tested 
The resist formulation is spin coated onto a hexamethyl dimethyisliane-treated silicone wafer 
at around 1800 rpm for 45 seconds and softbaked for 60 seconds at 85°C on a hotplate to 
obtain a film thickness of 800 nm. The resist film is then exposed to 254 nm wavelength 
deep UV radiation through a narrow band interference filter and a multidensity quartz mask 
using an Ushio's high pressure mercury lamp, UXM-501MD, and a mask aligner Canon PLA- 
521 , After a post exposure bake for 60 seconds at 85''C on a hotplate the resist is devel- 
oped. The exposure Intensity is measured with Unimeter UIT-150 from Ushio. The 'TDose to 
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Clear" (Eo), which is the dose just sufficient to completely remove the resist film with 
60 seconds immersion development in 2.38% aqueous tetramethyl ammonium hydroxide 
developer, is determined from the measured contrast curve (characteristic curve). The 
smaller the required dose the more sensitive is the resist formulation. The results are col- 
lected in table 3 and demonstrate that the compositions are suitable for the preparation of 
positive photoresists. 



Table 3 



Compound of ex- 
ample 


Dose to Clear (Eo) 
• [mJ/cm^l 


3 


21 


4 


18 
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Patent Claims 



1 . A chemically ampliified photoresist composition comprising, 

(a) a compound which cures upon the action of an acid or a compound whose solubility Is In- 
creased upon the action of an acid; and 

(b) as photosensitive acid donor, at least one compound of the formula la, lb. Ic, Ha, lib or lie 

?\ 9 9 o o 

RiO S O R^O-S-O R,0-S-0 O-S-O-R'-O-S-O- 

. O O . & & {J . 

(■a) (lb) (Ic) 

Ar, Ar, Ar, Ar, 

Arg— S— Arg Arg— S~Y— S— Arg Arg— S— Ar^ Arg— S— Ar^ 

o o o O o 

II - II _ n _ Y\ ?\ 

R,0-^-0 R^O-^-O R,O-S-0 0-S-0-R'-0-S-0~ 

O O O O O 

(lla) (lib). (lie) 

wherein 

Ri Is Ci-Cgalkyl, or is Cs-CigalkyI which is interrupted by one or more -O- or -(CO)-, or Is 
Ca-Caocycloalkyl, or is Ca-CaocycloalkyI which is interrupted by one or more -0-, -S-, -NRg-, 
-(CO)-. -O(CO)- or -NR6(CO)-. or is C-Cshaloalkyl, or is Ca-Ciaalkenyl. or is C4-C8- 
eyclbalkenyl. or Is Ce-Ciabicydoalkenyl, 

all of which are unsubstituted or substituted by one or more Ci-Csalkyi, Ci-CshaloalkyI; C3- 
Caocycloalkyl which optionally is inten-upted by one or more -0-, -S-, -NRg-, -(CO)-, -O(CO)- 
or -NRetCO)-; or are substituted by halogen, -NO2, -CN, -Are, -(CO)R2. -(CO)OR3, 
-(CO)NR4R5. -0(C0)R2, -0(C0)0R3, -0(CO)NR4R5. -NR6(CO)R2, -NR6(CO)OR3. -OR3. 
-NR4RS, -SRs, -SOR2, -SOaRz and/or -OSO2R2; 

or R, is phenyl, or is naphthyl, or is anthracyl or is phenanthryl, or Is a heteroaryl radical. 
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all of which are unsubstltuted or substituted by one or more Ci-CsalkyI; Ca-CisalkyI which is 
interrupted by one or more -0-: or are substituted by Ci-Cghaloalkyl, Cg-Caocycloalkyi. halo- 
gen, -NO2, -CN. -Are, -(CO)R2, -(CO)OR3. -(CO)NR4R5, -0(C0)R2, -0(C0)0R3, 
-0(CO)NR4R5, -NR6(CO)R2, -NR6(CO)OR3, -OR3, -NR4R5, -SRs. -SOR2, -SO2R2 and/or 
-OSO2R2; optionally the substituents -(C0)R2, -(CO)OR3, -(CO)NR4R5, -0(C0)R2, 
-0(C0)0R3, -0(C0)NR4Rs, -NR6(CO)R2. -NR6(CO)OR3, -OR3, -NR4R5. -SR^, -SOR2. -SO2R2 
and/or -OSO2R2 form 5- or 6-membered rings, via the radicals R2, R3, R4 R5 and/or Rs, with 
further substituents on the phenyl, naphthyl, anthracyl, phenanthryl, or heteroaryl ring or with 
one of the carbon atoms of the phenyl, naphthyl, anthracyl, phenanthryl. or heteroaryl ring; 
wherein all radicals R, optionally additionally are substituted by a group having a -O-C-bond 
or a -O-Si-bond which cleaves upon the action of an acid; 

R'l is Ci-Ci2all<ylene; or is C2-C,2alkylene which is interrupted by one or more C3-C30. 
cycloalkylene, -0-. -S-. -NR^-. -(CO)-, -O(CO)-, -S(CO)-. -NR6(CO)-. -SO-, -SO2-, or -OSOa-; 
optionally the radicals Ci-Cisalkylene and Ca-Cizalkylene are substituted by one or more Ci- 
Cghaloalkyl, Ca-CsocycloalkyI, halogen, -NOg, -CN, -Arg, -(CO)R2, -(CO)OR3, -(CO)NR4Rs, 
-0(C0)R2, -0(C0)0R3, -0(GO)NR4R5. -NR6(CO)R2. -NR6(CO)OR3. -OR3. rNR4R5, -SRe, 
-SOR2, -SO2R2 and/or -OSO2R2; 

or R'l is Cs-Csocycloalkylene, optionally interrupted by one or more -0-, -S-, -NRg-, -(CO)-, 
-O(CO)-, or -NR6(CO)-, and which is unsubstituted or substituted by one or more Ci-CsalkyI, 
Ci-Cghaloalkyi, Ca-CaocycloalkyI, halogen, -NO2, -CN. -Are, -(c6)R2, -(CO)OR3, -(CO)NR4R5, 
-0(C0)R2. -0(CO)OR3, -0(C0)NR4Rs. -NR6(CO)R2. -NR6(CO)OR3, -OR3. -NR4RS, -SRe. 
-SOR2, -SO2R2 and/or -OSO2R2; 

or RS is phenylene, naphthylene. — \_/~^"*"\ _ / — . diphenylene. oxydiphenylene 




, wherein these radicals are unsubstituted or substituted by 



one or more Ci-CsalkyI, Ci-Cghaloalkyl, Cg-Cgocycloalkyl, halogen, -NO2, -CN, -Are, -(CO)R2. 
-(CO)OR3, -(CO)NR4R5, -0(C0)R2, -0(C0)0R3, -0(C0)NR4Rs. -NR6(CO)R2, .NR6(CO)OR3, 
-OR3, -NR4RS. -SRe, -SOR2, -SO2R2 and/or -OSO2R2; 
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A is a direct bond, -0-, -S-, -NRg-, -O(CO)-. -S(CO)-, -NRsCCO)-, -SO-, -SO2- or -OSO2S 
B is a direct bond, Ci-Ciaalkylene or C2-Ci2alkylene whicli is interrupted by one or more 
-0-, -S-, -NRg-. -0(C0)-, -S(CO)-, -NR6(CO)-, -SO-. -SOg- or -OSO2-. and optionally the 
radicals Ci-Ci2alkylene and C2-Cn2alkylene are substituted by one or more Ci-Csalkyl, C1-C5- 
haloalkyl, Cg-Caocycloalkyl. halogen, -NO2, -CN. -Are, -(CO)R2, -(CO)OR3. -(CO)NR4R5, 
-0(CO)Ra, -0(C0)0R3. -0(C0)Na,R5, -NR6(CO)R2. -NR6(CO)OR3.' -OR3. -NR4RS. -SRe. 
-SOR2, -iSOaRa and/or -OSO2R2; 

R2 is phenyl, or is Ca-Csocycloalkyl. or is C,-C5alky.i; or Is Ga-Csalkyl which is internjpted by 

oneror- moFe--0-fnor is-G3-e3ocydoaIkyl-\which-isintermpted-by on©"^ 
-0(CO)-.or-NR6(CO)-; 

all of which are unsubstituted or substituted by phenyl, OH, C^-Cgalkyl, Ci-CghaloaJkyl, C3- 

Caocycloalkyl, hialogen, -NO2, -ON, Ci-C^alkoxy. phenoxy, phenoxycarbonyl, phenylthio, 

phenylthiocarbonyl, -NR4R5. Ci-C4alkylthio, , C2-C4alkoxycarbonyl, C2-C4haloaIkanoyl, halo- 

benzoyi, Ci-C^alkylsulfonyl, phenylsulfonyl, (4-methyiphenyl)sulfonyl, C^-C^alkylsulfonyloxy, 

phenylsulfonyloxy, (4-methylphenyI)sulfonylpxy and/or by 0,-C^alkanoyl; 
or R2 is hydrogen; 

R3 is phenyl, or is Cs-Caocycloalkyl, or is Ci-CsalkyI; or is Cz-CsalkyI which is internjpted by 
one or more -0-; or Is Cs-CaocycloalkyI which Is interrupted by one or more -Or, -S-, -NRg-, 
-O(CO)-, or -NR6(CO)-; or Is C2-Ci8alkanoyl, or is benzoyl, or Is C-Ciealkylsulfonyl, 
ail of which are unsubstituted or substituted by phenyl, OH. C^-Cgalkyl, d-Cshaloalkyl, C3- 
Caocyclbalkyl, haldgen, -NO2, -ON. C^-d^alkoxy, phenoxy, phenoxycarbonyl, phenylthio, 
phenylthiocarbonyl, -NR4R5. Ci-C4alkylthio, C2-C4alkoxycarbonyl, Cz-CAhaloalkanoyi, halo- 
benzoyl, C^-C^alkylsulfdnyl, phenylsulfonyl, (4-methyiphenyl)sulfonyl, C,-C^alkylsulfonyioxy, 
phenylsulfpnyloxy, (4-methylphenyI)sulfonyloxy and/or by Ci-C^alkanoyl; . 

or R3 Is hydrogen, phenylsulfonyl, (4-methylphenyl)sulfonyl, naphthylsulfonyl, anthracyl- 
suifonyl or phenanthrylsulfonyl; 

R4, R5 and Re independently of each other are phenyl, or are Cs-CaocycloalkyI, or are C^-C^ 
alkyi; or are Cz-GsalkyI which is interrupted by one or more -0-; or are Gs-CaocycloalkyI which 
is interrupted by one or more -O-, -S-, -NR^., -0(00)-, or -NRsCCO)-; or are Ca-CaalkanoyI, 
or are benzoyl, or are Ci-Ci8alkylsulfonyl, 

all of which are unsubstituted or substituted by .phenyl, OH, C^-Cgalkyl, CrCshaloalkyI, C3- 
Caocycloalkyl, halogen, -NO2, -CN, C,-C4atkoxy, phenoxy, phenoxycarbonyl, phenylthio. 
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phenylthiocarbonyi, Ci-C4alkylthio. C2-C4alkoxycarbonyl, C2-C4haloalkanoyl, halobenzoyi, 

C^-C^alkylsulfonyl, phenylsulfonyl, (4-methylphenyl)sulfonyl, C,-C4alkylsulfonyloxy. 

phenylsulfonyloxy, (4-methylphenyl)sulfonyloxy and/or by C^-C^alkanoyi; 

or R4, R5 and Rg independently of each other are hydrogen, phenylsulfonyl, (4-methyl- 

phenyl)su!fonyl, naphthylsulfonyl, anthracylsuifonyl or phenanthrylsulfonyl; 

or R4 and R5, together with the nitrogen atom to which they are attached, form a 5-, 6- or 7- 

membered ring which optionally is interrupted by -O- or by -NRg-; 

Afi and Ar2 independently of each other are phenyl, or are naphthyl, or are anthracyl, or are 

"phenanthryl. or ai'e" h'eteroaryi; " '. ' " " 

ail of which are unsubstltuted or are substituted by one or more Ci-C,2alkyl, Ci-Cshaloalkyl, 
Ca-CaocycloalkyI; Ca-CsocycloalkyI which is interrupted by one or more -0-, -S- -NR - 
-O(CO)-, or -NR6(CO)-; or are substituted by halogen, -NO2, -CN, -Are, -(CO)R2, -(CO)OR3, 
-(CO)NR4Rs, -0(C0)R2. -0(C0)0R3, -0(CO)NR4R5. rNR6(CO)R2. -NR6(CO)OR3. -OR3. 
-NR4R5, -SRs. -SOR2, -SO2R2 and/or -OSO2R2, optionally the substltuents -(CO)R2, 
-(CO)OR3, -(CO)NR4R5. -0(C0)R2. -0(C0)0R3. -0(CO)NR4R5. -NR6(CO)R2, -NR6(CO)OR3. 
-OR3, -NR4R5, -SRe, -SOR2, -SO2R2 and/of -OSO2R2 form 5- or 6-membered rings, via the 
radicals Rg, R3, R4 R5 and/or Re, with further substltuents on the phenyl, naphthyl, anthracyl, 
phenanthryl, or heteroaryl ring or with one of the carbon atoms of the phenyl, naphthyl, an- 
thracyl, phenanthryl, or heteroaryl ring; 

or Ari and Ar2. if appropriate together with Ci-C2alkylene, -O-, -S-, -NRe-. or -(CO)-, fomi a 
fused ring; ~ . • 

wherein ail radicals Ar, and Atz optionally additionally are substituted by a group having a 

-O-C-bond or a -O-Si-bond which cleaves upon the action of an acid; 

Ats, Ar4 and Afg have one of the meanings given for Ari and Ar2 or are 

or Ara. Ar4 and Ars independently of each other are Ci-CiaalkyI; or are Ca-dzalkyl which is in- 

temjpted by one or more -0-; or are Ci-CshaloalkyI; or are Ca-CaocycloalkyI which optionally 

is intenxipted by one or more -0-, -S-, -NRg-, -O(CO)-. -or -NR6(CO)-; 

all of which are unsubstltuted or substituted by one or more Ci-Ciaalkyl, Ci-Cghaloalky^'Cs- 

Csocycloalkyl, halogen, -NO2, -CN, -Are, -(CO)R2, -(CO)OR3, -(CO)NR4R5, -0(C0)R2. 

-0(C0)0R3, -0(CO)NR4R5, -NR6(CO)R2. -NR6(CO)OR3. -OR3, -NR4R5. -SRe, -SOR2. -SOaRa 

and/or -OSO2R2; 

or Arg and Ar4. if appropriate together with Ci-Caalkylene, -0-, -S-, -NRe-, -(CO)-, form a 
fused ring; 
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or Ars and if appropriate together witin Ci-Caalkylene, -0-, -S-. -NRg-, -(CO)-, form a 5-, 
6-, or 7-memberecl ring; 

wherein all radicals Ara, Ar4 and Ars optionally additionally are substituted by a group having 

a -O-C-bond or a -O-Si-bond which cleaves upon the action of an acid; 

Are is phenyl, or is naphthyl, or is anthracyl, or is phenanthryl or is heteroaryl, 

all of which are unsubstituted or substituted by one or more C1-C5 alkyi; C2-Ci2alkyl which is 

interrupted by one or more -0-; or by Ci-Cshaloall<yl, Ca-Csocycloalkyl, halogen, -NO2, -CN, 

phenyl, -(CO)R2, -(CO)OR3, -(CO)NR4R5. -0(C0)R2, -0(C0)0R3. -0(CO)NR4R5. 

optionally.. 

the substituents -(CO)R2, -(CO)OR3, -(CO)NR4R5. -0(C0)R2, -0(C0)0R3. -0(CO)NR4R5. 
-NR6(CO)R2, -NR6(CO)OR3, -OR3, -NR4R5. -SRe. -SOR2, -SO2R2 and/or -OSO2R2 fomi 5- or 
6-membered rings, via the radicals Rg, R3. R4, Rs and/or Re, with further substituents on the 
phenyl, naphthyl, anthracyl, phenanthryl or heteroaryl ring or with one of the carbon atoms of 
the phenyl, naphthyl, anthracyl, phenanthryl or heteroaryl ring; 




X Is phenylene, or is naiphthylene, or is — C y—CH^ V— , ©r is diphenylene, or 




Is oxydiphenylene or is 

all of which are unsubstituted or substituted by one or more d-Csalkyl, Ci-CshaloalkyI, .C3- 
Caocyploalkyl, halogen, -NO2, -CN, -Are, -(CO)R2, -(CO)OR3, -(CO)NR4R5. -0(C0)R2. 
-0(C0)0R3, -0(C0)NR4Rs, -NR6(CO)R2, -NRe(CO)OR3. -QR3, -NR4R5. -SRe. -SOR2. -SO2R2 
and/or -OSO2R2; 

or X is ^^~^^A— B— A— ; and 

Y has one of the menaings given for X, 

or is Ci-Ci2allcylene; or C2-Ci2alkylene which is interrupted by one or more C3- 
Caocycloalkylene, -0-, -S-, -NRg-, -(CO)-. -O(CO)-, -S(CO)-, -NR6(CO)-, -SO-, -SO2-, or 
-OSO2-; wherein the C,-Ci2alkylene and C2-Ci2alkylene are unsubstituted or substituted by 
one or more Ci-Cghaloalkyl, Cg-Cgocycloalkyl. halogen, -NO2, -CN, -Are, -(CO)R2. -(CO)OR3, 
-(CO)NR4R5, -0(eO)R2. -0(C0)0R3. -0(C0)NR4Rs. -NR6(CO)R2, -NR6(CO)OR3, -OR3, 
-NR4R5, -SRe, -SOR2, -SO2R2 and/or -0S02Ra: 



wo 02/46507 



PCT/EPOl/13725 



-86- 

or Y is Ca-Caocycloalkylene which optionally is interrupted by one or more -0-, -S-, -NRg-, 
-(CO)-, -O(CO)-, or -NR6(CO)-, and which is unsubstttuted or substituted by one or more Ci- 
Csalkyi, Ci-Cshaloallcyl, Ca-Cgocycloaikyl, halogen. -NO2, -CN, -Are, -(CO)R2, -(CO)OR3, 
-(CO)NR4R5, -0(C0)R2, .0(C0)0R3, -0(CO)NR4R5. -NR6(CO)R2. -NR6(CO)OR3. -OR3. 
-NR4R5, -SRe, -SOR2, -SO2R2 and/or -OSO2R2. 

2. A chemically amplified photoresist composition according to claim 1, comprising com- 
pounds of the fonnula la, lb, Ic, lla, lib and/or lie, wherein 

Ri _ CnPs alkyl .which . is..unsubstituted.or.is.substituted by one or more; Ca-CBcycloalkyI 
which optionally is interrupted by one or more -0-, -O(CO)-, or -NReCCO)-; or is substituted 
by halogen, -Are, -(CO)R2, -(CO)OR3, and/or -0(C0)R2; 

or Ri is phenyl, which is unsubstituted or substituted by one or more C1-C5 alkyi, C-Cshalo- 
alkyl, halogen, -NO2. -CN, -Are, -(CO)R2. -0(C0)R2, -NR6(CO)R2, -OR3, -NR4R5, -SRe. 
-SO2R2 and/or -OSO2R2; optionally the substituents, -(CO)R2, -0(C0)R2. -NR6(CO)R2, -OR3, 
-NR4R5, -SRe, -SO2R2 and/or -OSO2R2 form 5- or 6-membered rings, via the radicals R2, R3, 
R4 R5 and/or Re, with further substituents on the phenyl ring or with one of the carbon atoms 
of the phenyl ring; 

or Ri is naphthyl, which is unsubstituted or substituted by one or more Ci-Csallcyl, Ci-Cshalo- 
alkyl, halogen, and/or -OR3; . 

wherein all radicals R, optionally additionally are substituted by a group having a -O-G-bond 
or a -O-Si-bond which cleaves upon the action of an acid; 

R'l is Ci-Ci2alkylene or Cg-Ciaalkylene which is interrupted by one or more Cs-Csocyclo- 
alkylene, -0-, -O(CO)-, or -NRe(CO)-; 

or R'l is Cg-Csocycloalkylene which optionally is interrupted by one or more -0-, -O(CO)- or 

-NR6(Cb)-; 

or R'l is phenylene, naphthylene; 

Ra is phenyl, or is Ca-CsocycloalkyI, or is C^-Cgalkyl, 

all of which are unsubstituted or substituted by phenyl, OH, C^-Csaikyl, CrCghaloalkyl, C3- 
Csocycloalkyl, halogen, C,-C4alkoxy and/or phenoxy; 

Ra is phenyl, or is Ca-Cgocycloalkyl. or is C^-Cgalkyl; or is Ca-Cgalkyl which is interrupted by 
one or more -0-; or is Ca-CspcycloalkyI which is interrupted by one or more -0-, -O(CO)-, or, 
-NReCCO)-; or is C2-Ci8alkanoyl, or is benzoyl, or is Ci-Ciaalkylsulfonyl; 
all of which are unsubstituted or substituted by phenyl, OH, C^-Cgalkyl, Ci-CshaloalkyI, C3- 
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Caocycloalkyl, halogen and/or C^-C^alkoxy; 

or R3 is hydrogen, phenylsulfonyl, (4-methylphenyl)sulfonyl or naphthylsulfonyl; 
R4, R5 and. Re independently of each other are phenyl, or are Ca-CaocycloalkyI, or are C^-C^. 
alkyi; or are CrCgalkyl which is intenxipted by one or more -0-; or are Ca-Csocycloalkyl which 
is Interrupted by one or more -0-, -O(CO)-, or -NReCCO)-; or are Cz-dealkanoyl, or are ben- 
zoyl, or are Ci-Ci8alkylsulfonyl, . 

ail of which are unsubstituted or substituted by phenyl, OH, C^-Cgalkyl, Ci-Cshaloalkyl, Cg- 
Caocycloalkyl, halogen, and/or C,-C4alkoxy; 
or R^- R5 independe^^^ 
sulfonyl or naphthylsulfonyl; 

or R^ and R^, together wjth the nitrogen atom to which they are attached, fonn a 5-, 6- or 7- 
membered ring which optionally is interrupted by -O- or by -NRg-; 

Ari, Ar2, Ara, Ata and Afs independently of e>ach other are phenyl, which is unsubstituted or 
substituted by one or more Ci-C,2alkyl. Ci-CshaloalkyI, Cg-Caocycloalkyl, halogen, -0(C0)R2, . 
-0(C0)0R3, -0(CO)NR4Rs. -OR3, and/or -SRe; 

wherein all radicals Ar,, Ara, Ara, Ar4 and Arg optionally additionally are substituted by a 

group having a -O-C-bond or a -O-Si-bond which cleaves upon the action of an acid; 

Ai-^ is phenyl, which is unsubstituted or substituted by one or more Ci-Cizalkyi, Ci-Cshalo- 

alkyi, Ca-Caocycloalkyl. halogen, -0(C0)R2, -0(C0)0R3. -0(C0)NR4R5. -OR3, and/or -SRe; 

and 

X and Y independently of one another. ar? phenylene, — CHg^~^ — , diphenyl- 
ene, oxydiphenylene or 

3. A chemically amplified photoresist composition according to claim 1 , which is a positive 
resist 

4. A chemically amplified positive photoresist composition according to claim 3, comprising 
(a1) at least one polymer having an acid-labile group which decomposes in the presence of 

an acid to increase the solubility in aqueous alkaline developer solution; and/or 
(a2) at least one monomeric or oligomeric dissolution inhibitor having an acid-labile group 
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which decomposes in the presence of an acid to increase the solubility in aqueous al- 
kaline developer solution; and/or 
(a3) at least one alkali-soluble monomeric, oligomeric or polymeric compound; and 
(b) as photosensitive acid donor, at least one compound of formula la, lb, Ic, lla, lib or He. 

5. A chemically amplified photoresist composition according to claim 1 , which is a negative 
resist. 

6. A chemically amplified negative photoresist composition according to claim 5, comprising 
(a4) an alkali-soluble resin as binder; 

(a5) a component which, when catalysed by an acid undergoes a crosslinking reaction with 

itself and/or with the binder; and 
(b) as photosensitive acid donor, at least one compound of formula la, lb, Ic, lla, lib or lie. 

7. A chemically amplified photoresist composition according to anyone of claims 1-6, in 
addition to components (a) and (b), or components (a1), (a2), (a3) and (b), or components 
(a4), (a5) and (b) comprising further additives (c), further photosensitive acid donor com- 
pounds (b1), other photoinitiators (d), and/or sensitizers (e). 

8. A process for the preparation of a photoresist by 

(1) applying to a substrate a composition as described above; . 

(2) post apply baking the composition at temperatures between 60°C and 160°C; 

(3) image-wise irradiating with light of wavelengths between 150 nm and 1500 nm; 

(4) optionally post exposure baking the composition at temperatures between 60°C and 
160°C;and 

(5) developing with a solvent or with an aqueous alkaline developer. 

9. A compound of the formula la, lb, Ic, lla, lib or He 



Ar,— r— Ar, Ar— 1^— X— I^Ar^ Ar— I— Ar, Ar— |i— Ar, 

II 9 Q o o 

^11 II 



R,0-S-0- R,0-S-0^ R1O--S-O- . O-S-O-R-O-S-O 

o .0 o o 



o 
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Oa) (lb) (Ic) 

Ar^ Ar^ Ar, Ar^ 

Arg— ^S— Afg Ar^S— Y— S— Afg Ar— S^Afg Ar— S— Arg 

P O O O O 

II - II - II - _ II II 

R,0-S-0 R,0-S-0 R,O-S-0 o-S-O-R'^O-S-O" 

O O O . O O 

(Ha) (iibT— • — "~ (lie) 

wherein 

Ri is Ci-Csall<yl, or is Ca-Ctaallcyl which is interrupted by one or more -O- or -(CO)-, or is 
Ca-CaocycloalkyI, or is Ca-Csocycioallcyl which is inten-upfed by one or more -0-, -S-, -NRg-, 
-(CO)-. -O(CO)- or -NR6(CO)-, or is Ci-C5haloaII<yl, or is Ca-Ciaalkenyl. or is C4-G8cyclo- 
alkenyl, or is C6-Ci2bicycioalkenyi, 

ail of which aJ-e unsubstituted or substituted by one or more Ci-Csalkyi, Ci-CshaloalkyI; C3- 
Caocycloalkyl which optionally is Interrupted by one or more -0-, -S-, -NRg-, -(CO)-, -O(CO)- 
or -NR6(CO)-; or are substituted by halogen, -NO2, -CN, -Are, -(CO)R2. -(CO)OR3. 
-(CO)NR4R5. -0(C0)R2. -0{C0)0R3, -0(C0)NR4Rs. -NR6(CO)R2, -NR6(CO)OR3. -OR3. 
-NR4R6, -SRe, -SOR2, -SO2R2 and/or -OSO2R2; 

or R, Is phenyl, or is naphthyl, or is anthracyl or is phenanthryi, or is a heteroaryl radical, 
all of which are unsubstituted or substituted by one or more Ci-CsaikyI; C2-Ci2alkyl which is 
interrupted by one or more -0-; or are substituted by Ci-CshaloalkyI, Cs-Caocycioaikyl. halo- 
gen, -NO2, -CN, -Are, -(CO)R2. -(CO)OR3, -(CO)NR4R5, -0(C0)R2, -0(C0)0R3, 
-0(C0)NR4Rs. -NR6(CO)R2. -NR5(CO)OR3. -OR3, -NR4R5. -SRg, -SOR2. -SO2R2 and/or 
-PSO2R2; optionally the substituents -(CO)R2, -(CO)OR3, -(CO)NR4R5, -0(C0)R2, 
-0(C0)0R3, -0(C0)MR4R5. -NR6(CO)R2, -NR6(CO)OR3. -OR3, -NR4R5. -SRe, -SOR2, -SOaRg 
and/or -OSQ2R2 fomn 5- or 6-membered rings, via the radicals R2, R3, R4 R5 and/or Re, with 
further substituents on the phenyl, naphthyl, anthracyl, phenanthryi, or heteroaryl ring or with 
one of the carbon atoms of the phenyl, naphthyl, anthracyl, phenanthryi, or heteroaryl ring; 
wherein all radicals R, optionally additionally ai-e substituted by a group having a -O-C-bond 
or a -O-Si-bond which cleaves upon the action of an acid; 

R'l is Ci-Ci2alkylene; or is C2-Ci2alkyiene which is interrupted by one or more Ca-Caocyclo- 
alkylene, -0-, -S-, -NRg-, -(CO)-, -O(CO)-, -S(CO)-. -NR6(CO)-, -SO-, -SO2-. or -OSO2-: op- 
tionally the radicals Ci-C,2alkylene and Ca-C^alkylene are substituted by one or more Ci-Cs. 
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haloalkyl. Cg-Caocycloalkyl. halogen. -NOa, -CN, -Are, -(CO)R2, -(CO)OR3, -(CO)NR4R5, 
-0(C0)R2, -0(C0)0R3. -0(CO)NR4Rs. -NR6(CO)Ra. -NR6(CO)OR3. -OR3. -NR4R5, -SRe, 
-SOR2, -SO2R2 and/or -OSO2R2; 

or R'l is Cs-Gsocycloalkyiene, optionally interrupted by one or more -0-, -S-, -NRg-, -(CO)-, 
-O(CO)-, or -NRsCCO)-, and which is unsubstltuted or substituted by one or more Ci-Csallcyl, 
Ci-CshaloalkyI, C3-C3ocycloalkyl, halogen, -NO2, -CN. -Are. -(CO)R2. -(CO)OR3, -(CO)NR4R5, 
-0(C0)R2. -0(C0)OR3. -0(CO)NR4R5, -NR6(CO)R2, -NR6(CO)OR3. -ORg. -NR4R5. -SRg. 
-SOR2, -SOaRz and/or -OSO2R2; 




or R'vis phenylenernaphthylene,--. — (^-^y^cH^-^-y^ Vdiphehylehe. okydiphehylene 



or 



one 




^ ^~^~\_\ — . wherein these radicals are unsubstltuted or substituted by 



or more Ci-Cgalkyl. CrCshaloalkyi, Ca-Caocycloalkyl. halogen, ,-N02. -CN. -Are, -(CO)R2, 
-(CO)OR3, -(CO)NR4R5. -0(C0)R2, -0(C0)0R3. -0(C6)NR,R5, -NR6(CO)R2. -NR6(CO)OR3. 
-OR3, -NR4R5, -SRb, -SOR2. -SO2R2 and/or -OSO2R2; 

orR'i is ""^^~y-^A— B— A— or — A— B — ~ . 

A is a direct bond, -0-, -S-, -NR^-, -O(CO)-. -j5(C0)^, -NR6(CO)-. -SO-, -SO2- or -OSO2-; 
B is a direct bond. Ci-Ciaalkylene or C2-Ci2a!kylene which is interrupted by one or more 
-0-. -S-, -NRg.. -O(CO)-. -.S(CO)-, -NR6(CO)-, -SO-, -SO2- or -OSO2-, and optionally the 
radicals Ci-C^aalkylene and C2-Ci2alkylene are substituted by one or more C-Csalkyi, C,-Gs- 
haloalkyl. Cg-Caocycloalkyl. halogen, -NO2. -CN, -Are, -(CO)R2, -(CO)OR3, ,-(CO)NR4R5, 
-0(C0)R2. -0(CQ)0R3. -0(CO)NR4R5, -NR6(CO)R2, -NR6(CO)OR3, -OR3, -NR4R5, -SRe,' 
-SOR2, -SO2R2 and/or -OSO2R2; 

R2 Is phenyl, or is Ca-Cgocycloalkyl. or is C,-C5alkyl; or is Cs-Cgalkyl which is intermpted by 
one or more -0-, or is Ca-CaocycloalkyI which is intermpted by one or more -0-, -S-, -NRg-, 
-O(CO)-, or -NRe(CO)-; 

all of which are unsubstituted or substituted by phenyl, OH. C,-Cgalkyl. Ci-Cghaloalkyl. C3- 
Cgocycloalkyl. halogen. -NO2, -CN, C^-C^alkoxy, phenoxy. phenoxycarbonyl. phenylthio. 
phenylthiocarbonyl. -NR4R5. Ci-C4alkylthio. C2-C4aIkoxycarbonyl. C2-C4haloalkanoyl, halo- 
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benzoyl, C^-C^alkylsulfonyl, phenylsulfonyl, (4-methylphenyl)sulfonyl, C^-C^alkylsulfonyloxy, 
phenylsulfohyloxy, (4-methylphenyl)sulfonyloxy and/or by C^-C^alkanoyl; 
or R2 is hydrogen; 

R3 is phenyl, or is C3-C3ocycloall<yl, or is C^-Cgalkyl; or is; C2-C5all<yl which is interrupted by 
one or more -0-; or is Cb-CaocycloalkyI which is interrupted by one or more -0-, -S*. -NR - 

6 ' 

-O(CO)-, or -NRfiCCO)-; or is Ca-Csalkanoyl, or is benzoyl, or is Ci-Ciealkylsulfonyl, 
all of which are uiisubstituted or substituted by phenyl, OH, C^-Cgalltyl, d-Cshaloalkyl. 63- 
Caocycloalkyl, halogen, -NO2, -CN, C,-C4alkoxy, phenoxy, phenoxycarbonyl, phenylthio, 
-phenylthiocarbonyl." -^NRiRirCf-C^alkyi^^ 

benzoyl, C^-C^alkylsulfonyl, phenylsulfonyl, (4-methylphenyl)sulfonyl, Ci-C^alkylsulfonyloxy, 
phenylsulfonyloxy, (4-methylphenyl)sulfonyloxy and/or by C^-C^alkanoyl; 

or R3 is hydrogen, phenylsulfonyl, (4-methylphenyl)su|fonyl, naphthylsulfonyl, anthracyl- 
sulfonyl or phenanthrylsulfonyl; 

R4, Rg and Re independently of each other are phenyl, or are Ca-CaocycloalkyI, or are C^-Cg. 
alkyi; or are Cz-Cgalkyl which is interrupted by one or more -0-; or are Ca-CaocycloalkyI which 
is interrupted by one or more -0-, -S-, -NR^-, -O(CO)-, or -NRe(CO)-; or are Cz-dealkanoyl, 
or are benzoyl, or are Ci-Ciealkylsulfpnyl, 

all. of which are unsubstituted or substituted by phenyl, OH, C^-Cgalkyl, d-Cshaloalkyl, C3- 

Caocycloalkyl, halogen, -NO2. -CN, C^-C^alkoxy, phenoxy, phenoxycarbonyl, phenylthio, 

phenylthiocarbonyl, Ci-C4alkylthio, C2-C4aikoxycarbonyl, C2-C4haloalkanoyl, halobenzoyi, 

C^-C^alkylsulfonyi, phenylsulfonyl, (4-methylphenyl)sulfonyl, Ci-G^alkylsutfpnyloxy, 

phenylsulfonyloxy, (4-methylphenyl)sulfonyloxy and/or by C^-C^alkanoyl; 

or R^, Rg and Re independently of each other are hydrogen, phenylsulfonyl. (4-methyl- 

phenyI)suIfo,nyl, naphthylsulfonyl, anthracylsulfonyl or phenanthrylsulfonyl; 

or R4 and Rg, together with the nitrogen atom to which they are attached, form a 5-, 6- or 7- 

membered ring which optionally is intermpted by -O- or by -NRg-; 

Ati and Arj independently of each other are phenyl, or are naphthyl, or are anthracyl, or are 
phenanthryl, or are heteroaryl, 

all of which are unsubstituted or are substituted by one or more Ci-Czalkyt, d-Gshaloalkyl, 
Cs-CaocycloalkyI; Ca-Caocycloalkyl which is inten-upted by one or more -0-, -S- -NR - 

6 ' 

-O(CO)-, or -NReCCO)-; or are substituted by halogen, -NO2, -CN, -Are, -(CO)R2, -(CO)OR3, 
"(CO)NR4R5, -0(C0)R2, -0(C0)0R3, -0(CO)NR4R5. -NR6(CO)R2, -NR6(CO)OR3, -ORg, 
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-NR4R5, -SRe, -SOR2, -SO2R2 and/or -OSO2R2, optionally the substltuents -(CO)R2, 
-(CO)OR3. -(CO)NR4R5, -0(C0)R2. .-0(C0)0R3. -0(CO)NR4R5. -NR6(CO)R2. -NR6(CO)OR3, 
-OR3. -NR4R5, -SRe. -SOR2, -SO2R2 and/or -OSO2R2 form 5- or 6-membered rings, via the 
radicals R2, R3, R4 Rg and/or Re, with further substituents on the phenyl, naphthyl, anthracyl, 
phenanthryl, or heteroaryl ring or with one of the carbon atoms of the phenyl, naphthyl, an- 
thracyl, phenanthryl, or heteroaryl ring; 

or Ari and Ar2, If appropriate together with Ci-Caalkylene, -0-, -S-, -NRe-, or -(CO)-, form a 
fused ring; 

wherein all radicals Ari and Ara optionally additionally are substituted by a group having a 
-O-C-bpnd or a -6-Si-bond whidi cleaves upon the action of an acid; 
Afa, Ar4 and Ats have one of the meanings given for Ari and Ara or are 
or Ar3, Ar4 and Ars independently, of each other are Ci-Ci2alkyl; or are Ca-CizalkyI which is in- 
terrupted by one or more -0-; or are CrCghaloalkyl; or are Cs-CaocycloalkyI which optionally 
is intenxipted by one or more -0-, -S-, -NRg-, -O(CO)-, -or -NR6(CO)-; 

all of which are unsubstituted or substituted by one or more C,-C,2alkyl, d-Cghaloalkyl, C3- 
Caocycloalkyl, halogen, -NO2, -CN, -Are, -(CO)R2, -(CO)OR3, -(CO)NR4R5. -0(C0)R2, 
-0(C0)0R3, -0(CO)NR4R5, -NReCCORz, -NR6(CO)OR3, -OR3. -NR4R5. -SRe, -SOR2. -SO2R2 
and/or -OSO2R2; 

or Ars and Ar4, if appropriate together with Ci-C2alkylene, -0-, -S-, -NRb-, -(CO)-, form a 
fused ring; 

or Ars and Ar4, if appropriate together with Gi-C2alkylene, -0-, .-S-, -NRe-, -(CO)-, form a 5-, 
6-, or 7-membered ring; 

wherein all radicals Arg, Ar4 and Arg optionally additionally are substituted by a group having 
a -O-C-bond or a -O-Si-bond which cleaves upon the action of an acid; 
Are is phenyl, or is naphthyl, or is anthracyl, or is phenanthryl or is heteroaryl, 
all of which are unsubstituted or substituted by one or more CrCs alkyl; Cs-Cngalkyl which is 
interrupted by one or more -0-; or by d-Cshaloalkyl, Ca-Caocycloalkyl. halogen. -NO2, -CN, 
phenyl, -(CO)R2, -(CO)OR3, -(CO)NR4R5. -0(C0)R2, -0(C0)0R3, -O(C0)NR4Rs, 
-NReCCORa, -NR6(CO)OR3, -OR3, -NR4R5, -SRe, -SOR2. -SO2R2 and/or -OSO2R2. optionally 
the substituents -(CO)R2, -(CO)OR3, .<CO)NR4R5, -0(C0)R2. -0(C0)0R3, -0(CO)NR4R5. 
-NR6(CO)R2, -NR6(CO)OR3, -OR3. -NR4R5, -SRe, -SOR2, -SO2R2 and/or -OSO2R2 form 5- or 
6-membered rings, via the radicals Rg, R3, R4 Rg and/or Re, with further substituents on the 
phenyl, naphthyl, anthracyl, phenanthryl or heteroaryl ring or with one of the carbon atoms of 
the phenyl, naphthyl. anthracyl, phenanthryl or heteroaryl ring; 
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X is phenylene, or is naphtlnylene, or is — ^ /-CHa^ . % — , or is diphenylene, or 



is oxydiphenylene or is \ /^^~\ 

all of which are unsubstituted or substituted by one or more Ci-Cgalltyl, Ci-Cshaloalky!, C3- 
Caocycloalkyl. halogen. -NO2.. -CN, -Are, -(CO)R2, -(Cb)OR3.. -(CO)NR4R5, -0(C0)R2. 
-0(C0)0R3. -0(CO)NR4R5. -NR6(CO)R2. -NR6(CO)OR3. -OR3. -NR4R5. -SRe, -SORz, -SO2R2 
— and/Or-OSOaRa; " ' " ' 



orXis. ^^^>_A— B— A— ;and 

Y has one of the menaings given for X, 

or is Ci-Ci2alkylene; or Cg-Cizalkylene which is interrupted by one or more Ca-Caocyclo- 
alkyiene. -0-, -S-, -NR^-, -(CO)-. -O(CO)-. -S(CO)-, -NR6(CO)-. -SO-. -SO2-. or -OSO2-; 
wherein the Ci-Ciaalkylene and G2-Ci'2alkylene are unsubstituted or substituted by one or 
more Ci-Gshaloallcyl, C3-C3ocycloall<yl, halogen, -NO2, -ON, -Are, -(00)R2, -(CO)OR3. 
-(CO)NR4R5. -0(C0)R2. -0(C0)0R3, -0(CO)NR4R5, -NR6(CO)R2. -NR6(CO)OR3. -OR3, 
-NR4R5. -SRe, -SOR2, -SO2R2 and/or -OSO2R2; 

or Y is Ga-Gaocycloalkylene which optionally is interrupted by one or more -0-, -S-, -NRg-. 
-(GO)-, -O(GO)-, or -NR6(GO)-, and which is unsubstituted or substituted by one or more Ci- 
Gsalkyl, Gi-Gghaloalkyl, Ca-Ggocycloalkyl, halogen, -NOs, -CN, -Arg, -(GO)R2, -(CO)OR3. 
-(CO)NR4R5; -0(G0)R2. -0(G0)0R3, -0(GO)NR4R5, -NR6(CO)R2. -NR6(CO)OR3. OR3, 
-NR4R5, -SRs. -SORg, -SO2R2 and/or -OSO2R2; 
provided that 

(i) if at least one Ara, Ar4 and Arg is methyl, then R, is not methyl, and 

(ii) if at least one Ar3, Ar4 and Arg is ethyl, then Ri is not ethyl. 

10. Compound of the fomnula la, Ic or lla according to claim 9, wherein 
Ri is Gi-GsalkyI, d-Cshaloalkyl or Ga-Caocycloallcyl. all of which are unsubstituted or sub- 
stituted by one or more C-Cgalkyl, -Are. -(CO)R2. or by Cs-Caocycloalkyl. which optionally is 
interrupted by one or more -0-; ^• 

or R, is phenyl or naphthyl,. unsubstituted or substituted by Ci-Csall^yl. halogen, -(CO)R2 or 
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-OR3; 

R'i is Cs-Csocycloaikyiene or phenylene; 
Ra is phenyl, Ci-CsalkyI or liydrogen; 
R3 is Ci-Cgalkyl; 

Ari and Atj Independently of each other are phenyl which is unsubstituted or substituted by 
CrCi2alkyl,- 

Ara, Ar4 and Ats have one of the meanings given for Ari and Ar^; and 

Are is phenyl, naphthyl, anthracyl or heteroaryl, all of which are unsubstituted or substituted 
by NO2, Ci-Csalkyl, or C2-Ci2alkyl which is inten-upted by one or rnore -O-. 

,11. A composition comprising 

(a) a compound which cures upon the action of an acid or a compound whose solubility is in- 
creased upon the action of an acid; and 

(b) as photosensitive acid donor, at least one compound of the formula la. lb. Ic, I la, lib or lie 
according to clairh 9. . 

12. Use of compounds of formula la, lb, Ic, lla, lib or lie according to claim 9 as photosensi- 
five acid donors in compositions that can be crossllnked under the action of an acid and/or 
as dissolution enhancers in compositions wherein the solubility is increased under the action 
of an acid. 

13. Process for crosslinking compounds that can be crosslinked under the action of an acid, 
which method comprises adding a compound of formula la, lb, Ic, lla, lib and/or lie accord- 
ing to claim 9 to the above-mentioned compounds and irradiating imagewise or over the 
whole area with light having a wavelength of 150t1500 nm. 

14. Use of compounds of formula la, lb, Ic, lla, lib or lie according to claim 9 as photosensi- 
tive acid donors in the preparation of surface coatings, printing inks, printing plates, dental 
compositions, colour filters, resists or image-recording materials, or image-recording materi- 

. als for recording holographic images. 

15. Process according to claim 13 for the preparation of surface coatings, printing inks, 
printing plates, dental compositions, colour filters, resists or Image-recordirig materials, or 
image-recording materials for recording holographic images 
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16. Use of compounds of formulae la,, lb, Ic, lla, lib or lie according to claim 1 as photoseh- 
sitive acid donors in the preparation of colour filters or chemically amplified resists. 
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